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ALGEBRA AS TECHNIQUE 

Most of us in thinking of algebra, think 
of technique. The subject as we learned it, 
and as we have been accustomed to teach 
it calls to mind a variety of skills. Each 
skill is patterned on one or more illus- 
trative examples and becomes improved 
by practice. To learn how to perform the 
various operations of which elementary 
algebra thus seems to consist, may have 
wholesome, even attractive aspects. The 
spirit of competition may sustain the en- 
thusiasm of the abler pupils and prod 
them to new endeavor. The rare satis- 
faction of knowing that some of our work 
is “perfect”’ casts a benediction upon all 
performance of a mathematical sort. In 
algebra it is not hard to “please the 
teacher,” with duty done. Yet for many 
pupils, the subject is a dreary one, how 
deadly dreary, none of you teachers of 
mathematics or prospective teachers, 
may be in position fully to appreciate at 
first hand. But algebra, thrill or no thrill, 
is will, drill, and finally it is hoped, skill. 

Far be it from me to suggest, that alge- 
bra has any one grand technique, any 
unifying skill, on which as a chain of sil- 
ver, one may count over the separate 
beads of subject content. Units of algebra, 
there are a-plenty—but as to unity—why 


ask for the impossible! The pupil learns 
to remove parentheses—and then when 
it seems clear that this is a reasonable 
operation, like husking corn, or shelling 
peas, or opening Christmas presents, what 
happens next? Why! exercises in factoring, 
where all the care-free little terms in a 
polynomial are sorted out or split up, in 
order to be wrapped up again in paren- 
theses, like winter furs before the on- 
slaught of omnivorous clothes-moths. 
With pulsation like the ceaseless rise and 
fall of the tide, like the unending chan- 
teys of simple sailor folk, one may start 
what amounts to a self-powered recipro- 
cating engine by the one word “Simplify.”’ 
The pupil with an_ expression like 
r’+a2—2, simplifies by factoring, and 
after much labor perhaps arrives at 
(r+2)(r—1). Here he meets a familiar 
task and rises loyally to the challenge. 
He has learned to remove parentheses 
and bravely does his duty, and if ac- 
curate and lucky arrives for Stage Three 
once more at 2?+2—2. Here he again 
recognizes that factoring is called for and 
sacrificing common sense to the god of 
simplification, proceeds once more to ex- 
hibit the factors, and so on and on ad 
nauseam, The Scotchman who went from 
one bank to the next alternately changing 


* An address delivered before the Mathematics Conference at The Lincoln School of Teachers 
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a five dollar bill into nickels and vice 
versa had at least a reason. He hoped that 
somebody would make a mistake and was 
certain that it would not be he that would 
turn out to be the injured party. 

There is skill in multiplying monomials 
and watching the strange behaviour of 
the little index numbers stuck up at the 
right like locomotive headlights. There 
are all those curious things which one does 
to an equation, where sometimes cancel- 
lation means leaving a zero, and some- 
times on the other hand it means leaving 
a one. Then there are all those rules about 
fractions where the numerators and de- 
nominators behave so strangely dif- 
ferently. Then there is the quadratic 
formula with its incomprehensible fusion 
of plus and minus into one sign. But this 
is no place to pick out by name individual 
suspects from among the host, all of 
which claim status as algebra. 


THE Cau For JustTiricaTIONn 


Now learning how to perform a task 
may have its place in the plan of educa- 
tion—but the task will be scrutinized by 
unfriendly eyes, and its place sought for 
other activities. No plea of disciplinary 
value, of transfer power, of ultimate 
utility will save for algebra its throne so 
long unquestioned. Even drill in Arith- 
metic is beginning to lose its claim of com- 
mercial necessity. The bookkeeper’s desk 
and the cashier’s counter are calling for 
clerks matured beyond the adolescent 
stage. For home accounts, an occasional 
painfully slow struggle with columns of 
figures is at least better motivated than 
classroom drill in purely fictitious trans- 
actions. Arithmetical accuracy no less 
than a decent respect for standards of 
traditional orthography may be and per- 
haps should be developed in commercial 
or technical courses in high schocl or 
business school where the liveliness of the 
need first becomes vividly apparent, and 
where shorthand, the typewriter, and 
computing machines give the proper 
mechanical perspective to these mechani- 
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cal aspects of education. Where even 
arithmetic is being pressed to justify old- 
fashioned standards, how can algebra 
expect to escape examination? 

It is hardly necessary to say that we 
must be prepared to give a convincing 
reply to ‘Why Algebra?” The reply must 
be more than sincere. It must be in terms 
of intelligence and of specific needs of 
adolescents. Algebra must be more than 
a sign post of the intelligence of pupils. In 
algebra we must expect more of the pupils 
than the intelligence of sign posts. Is it 
not possible to take a wider and a deeper 
view of algebra as a school study, a view 
which will not be oblivious to the feature 
of drill, but which will relegate drill to the 
position of but one of several vital aspects 
of the subject? I think it is, and I believe 
that by viewing algebra as language—we 
can better judge its nature. This is no 
wild figure of speech—no crude analogy 
to be repudiated on serious thought 
least of all is it an attempt to enter the 
steeple chase under false colors. 


and 


OTHER ASPECTS OF ALGEBRA 


Algebra like other parts of mathemat- 
ics seems to call for certain major under- 
standings, expressible in terms familiar 
to teachers of other subjects—and in par- 
ticular, for our present purposes, to 
teachers of language. Mathematics has 
its historical aspects. Indeed the history 
of elementary mathematics is a typical 
part of the history of human thought and 
hence of civilization. Mathematics has its 
philosophical aspects, limited and intro- 
versive if you will, but reaching far down 
into the bases of thought and up into 
theories of the infinite. Mathematics has 
its place among the sciences and is both a 
model and a tool without which the mod- 
ern status of exact science would be un- 
thinkable. When therefore one treats of 


algebra as a language the view although 
stretching far beyond the confines of 
operational technique, does not claim to 
do full justice to the richness of the sub- 
ject. 
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First STEPS IN A FOREIGN 
LANGUAGE 

When learning our native tongue in in- 
fancy, language and thought develop to- 
gether and often become inextricably in- 
tertwined in our consciousness. One can 
hardly call the attention of the child to 
the fact that words are not themselves 
ideas but are merely symbols in which 
thought clothes herself to go about her 
daily affairs. The process of learning a 
foreign language in school should be and 
doubtless is an unfettering of the mind, a 
liberation from the rigid restraints of a 
one-tongue vocabulary. 

Let us glance for a moment at the pupil 
beginning say the study of Greek. He 
meets first a strange alphabet with many 
unfamiliar signs, and some familiar ones 
doing strange duty. To have a perfectly 
good letter P serve as an R, or an I serve 
asa long £, is at least awkward. Eventu- 
ally, however, one learns the isolated letter 
symbols, their pronunciation in combina- 
tions and even their alphabet in order. 
All this calls for drill. But this is as yet 
hardly language. One may be amused at 
the idea of the modest signboard in a back 
street of Nanking, China. In the intricate 
ideographs developed by that oriental 
people one might read what amounts to 
the following “English taught as far as 
the letter _M.”” The meanings of the sep- 
letters—the thought that they 
might arouse as individuals must be left 


arate 


to the musing of the curious or to the 
paleographic investigations of the anti- 
quarian. Letters no longer carry individual 
meaning to us. They are but indications of 
sound-value. Alphabets must be learned 
sometime, but in themselves they are 
only the visual ghosts, tone images of 
component parts of the vocal symbol of 
words, The alphabet is not itself the edi- 
fice we call “language,”’ it is at most a pile 
of pickets for the fence. Language can 
flourish without an alphabet. Only in the 
recording and in the unspoken transmis- 
sion, do alphabets offer their services. To 
make Greek sounds is not to speak Greek. 
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Worps 

Once the alphabet is mastered, the 
pupil meets words. He realizes from the 
first that certain fanciful combinations of 
letters violate the rudimentary canons of 
pronounciability. Other arrangements of 
letters although perhaps plausible to the 
beginner do not form words that he will 
encounter, whatever a large dictionary 
might offer in the way of strange verbal 
forms. Words in turn cannot be merely 
strung together at random. Grammatical 
rules regulate the order and the inflexional 
forms. But even sentences in approved 
grammatical structure whose individual 
words are significant may be ridiculous 
and devoid of substantial thought con- 
tent. Take such a sentence as ‘““Tomor- 
row blue Persia jumped rich’’—it might 
be parsed, but it remains mere nonsense. 

Words, unlike mere letters, have mean- 
ing. A word calls up a picture or several 
pictures. Words suggest thoughts. The 
infant learns to speak in words, yes, even 
in sentences, unconscious that such things 
as letters exist. Only at school level does 
one think of the meaningful words as 
represented by complex symbols and these 
analyzed for purposes of writing and 
reading into conventional signs called 
letters. Words, unlike mere letters, call 
for translation and justify dictionaries. 
One Greek word has perhaps several Eng- 
lish equivalents or near-equivalents, and 
so the young student of language begins 
to realize that the thought and the word 
are not identical—difficult as it may be to 
imagine thought as independent of all 
words. 

SENTENCES 

But words however rich in meaning 
they may be seldom suffice as individuals 
to convey information. Save for a few ex- 
clamatory calls such as “Fire!” “Ouch!” 
“Look!” “Hush!” and the like, we need 
sentences to express or record our ideas. 
Here all the rules of grammar lie in wait 
to snare the careless. 

One sometimes forgets that ready 
speech need not betoken an agile intel- 
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ligence, a fluent reader may have a som- 
nolent mind. Much water may flow under 
a deserted bridge. Adolescents can and 
will use technical and resounding words 
for the effects they may produce rather 
than because these best their 
groping feelings. Few of us can resist the 
charm of the romantic ballad of the Jab- 
berwock, 


express 


’Twas brillig, and the slithy toves 
Did gyre and gimbel in the wabe: 
All mimsy were the berogroves 
And the mome raths outgrabe. 
Such is the setting that Lewis Carroll 
gives. Just what do the words mean? Who 
cares? One has the feeling of portentous 
gloom and of adventurous romance. Or 
to take another stanza, 
And as in uffish thought he stood 
The Jabberwock with eyes of flame 
Came whiffling through the tulgey wood 
And burbled as it came! 


Here one feels the horror and disgust 
which threaten to engulf our brave hero 
as he faces unknown odds. 

This is how young people often think, 
with strong feelings but with vague de- 
tails. Who cares to read anyway all the 
descriptive paragraphs with which a story 
of good vigorous action sometimes inter- 
rupts itself to prepare for a fresh start? 

Language study should train in stand- 
ards of accuracy. We must learn not only 
faithful and fluent translation from a for- 
eign tongue to our own, but if we are to 
be at home in this strange language we 
must master composition, learn how to re- 
express ideas given in simple English sen- 
tences, through the wording of an ac- 
quired vocabulary. Like a very stiff new 
suit, the unaccustomed language does not 
seem to fit us naturally. We are self-con- 
scious, hampered, ineffectual, until with 
practice and growing insight we learn to 
think in a foreign tongue and not merely 
translate sequences of words. A strictly 
verbatim translation, however well-chosen 
may be the individual words, is seldom 
an accurate representation of the author’s 
thought. There are idioms covering short 
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phrases, and there are methods of think- 
ing and expressing, covering whole para- 
graphs or articles. The literary artist de- 
velops a feeling for his material much as 
the artist in colors or in wood, metal, or 
stone. A charcoal drawing does not imi- 
tate a steel engraving, nor is a statuette 
to be judged by exactly the same rules as 
is a painting. Just as a novel offers liberties 
not available to the stage so there seems 
to be something not quite translatable 
from one tongue to another, 
LITERATURE 
Were all language study confined to 
alphabets, verbal equivalents, grammar, 
then 
one might indeed begin to doubt the value 


idioms, and routine composition, 


of the labor spent upon such drugery. But 
somewhere, in our own if not in a foreign 
language, we should study the great lit- 
erary monuments upon which the thought 
of our time is based. By language we learn 
to relive the habits and thoughts of our 
predecessors and thus to appraise our own 
associates and ourselves. By language we 
acquire an insight into such science and 
philosophy, as can be bound within thi 
covers of a book, thus to advance furthe 
and less painfully than by any crude and 
undirected experiments we ourselves might 
make or that we might observe directly 
at the hands of our fellows. 


ALGEBRA AND LANGUAGE 

But I can almost hear you asking, what 
have all these remarks to do with algebra 
or with mathematics in general? Just this. 
Algebra is a language. To master it re- 
quires drill and technique of a more ab- 
stract but 
quired for the traditional ancient 
modern languages. It is a language, a re- 
alization of whose existence and purpose 
has educational value, but whose full jus- 
tification lies in its being a 
thought. 

Algebra has certain alphabetic symbols, 
meaningless in themselves, but not so dif- 
ficult as some alphabets. There are the 
letters, a, b, c, 2, y, z, ete., and then some- 


less elaborate sort than re- 
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method of 
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, or with 
superscripts such as x’, All these are in 


times with subscripts as 2%, 74, ... 


themselves meaningless, and acquire 
meanings through their use in combina- 
tions. One has also meaninaful symbols, 
such as +, 
Vv, %,$, = , and the digits. Learning all 


these things is no more making one’s self 


shorthand marks for words 


at home in algebra, than knowing the 
(Gireek alphabet and a few Greek stems is 
mastering Greek. Analogous to the sen- 
tence is the equation, and to the short 

very short story—-is the system of simul- 


taneous equations. 


THOUGHT AND ForRM 


Now 
literary production is to recapture the 


the primary aim in reading a 


thought and emotion of the author. If 
the writing is vague, the wording am- 
biguous, the structure incoherent, we may 
find the 
author’s thought, if any. But sometimes 


ourselves losing touch with 
the sentences are clear cut, the diction 
well chosen, the presentation masterly, 
and still we may lose the thought, not be- 
cause of the author’s failure to express 
easy notions effectively, but because the 
idea is itself abstract, unfamiliar, or pro- 
found. Only a shallow critic identifies pro- 
fundity with muddy thinking. The stu- 
dent of philosophy, for example, may 
find that only a minor part of his troubles 
are due to the tongue in which the words are 
written, and that nearly all is attributable 
to the difficulty with the ideas themselves. 

In algebra we have both aspects to deal 
with. To some extent the pupils fail to 
grasp how the signs may be read and 
translated. Whoever really understands 
what a linear equation states can hardly 
fail to be able to recognize and carry 
through its rewriting in the form of a 
solution. To know what ax+b=0 means, 
when a is not zero, is to know that this is 
the same equation as r= —b/a, save for 
the accidental form of writing. There are 
no tricks here as in the case of the quad- 
ratic, where one completes the square ex- 
plicitly or by formula. 
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The real test as to whether a pupil 
comprehends what algebra stands for lies 
in his ability to recognize meanings in or- 
dinary English and to translate these into 
the language of algebra. In very simple 
cases this amounts to little more than re- 
placement of successive words by anal- 
But often 
volved. One needs to think in algebraic 


ogous symbols. more is in- 
terms, to recast the varied verbal expres- 
sions into the set idioms of the algebraic 
mold. Part of the difficulty lies in the 
pupil’s evident failure to respond to the 
original English formulation. The pupil 
may need practice in getting his thoughts 
straightened out in this, for him, abstract 
and technical field. But certainly not all 
the trouble lies in one place. He may be 
able to work with equations in a formal 
and unthinking manner—but they do not 
correspond to his manner of thinking. He 
recognize mathematical rela- 


does not 


tions in unconventional English dress. 
They are no friends of his. 

Surely, however narrow a view we may 
take of Elementary Algebra, any slight- 
ing of training in casting verbal problems 
into algebraic form is neglecting our task. 
Merely to acquire speed in standard alge- 
braic manipulations may mean something 
as to correct habits along these technical 
lines, but speed is no great virtue in itself 
and if it were, it would be a virtue certain 
to be lost under the inevitable let-down in 
drill after the close of the course. What is 
important in algebra, is not likely soon to 
be forgotten, it is the power to grasp 
clearly what the problem states, and to 
organize one’s thoughts effectively to- 
ward a solution. Special devices are likely 
to slip the mind, but not so, the type of 
thinking. 


SomE Masor Concepts oF ALGEBRA 


few of the 
major concepts which should pervade the 
thought of the teachers of elementary 
algebra, and should emerge gradually to 
clarity in the minds of the students of the 
subject. 


Let me suggest briefly a 
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1. There is the concept of mathematical 
symbolism. The simplicity, suggestiveness, 
and general utility of brief unambiguous 
symbols in place of the vague and varied 
language of daily speech, should impress 
the minds of all who dabble in the subject. 
Symbolism can easily become a fetish. The 
pupils should realize that appropriate 
symbolism will aid and conserve thought, 
but that symbols are no automatic sub- 
stitutes for thinking. 

2. There is the concept of mathematical 
data. Given a problem stated in English 
words, just what is there to use? Has 
enough been given to make a result de- 
terminate? What is irrelevant to the final 
quantitative determination? This some- 
times calls for a high degree of critical 
analysis and knowledge of basic relations. 
Essentially the problem is not unique to 
mathematics. One can ask with regard to 
any author just how much of what he has 
written is necessary, how much relevant 
to an understanding of a situation de- 
scribed? How much is merely rhetorical 
repetition, how much is emotional rather 
than objectively informational, and so 
forth. There seems to be good reason for 
believing that texts in mathematics have 
sought to spare the pupil all “‘unneces- 
sary” thought. Problems are not offered 
as they are in life situations, rich in 
redundancies, incomplete in unexpected 
directions. Perhaps the best possible train- 
ing that elementary algebra might afford 
is thus eliminated by the author’s effective 
predigestion of all problems presented. 

3. There is the concept of mathematical 
relation, equation, inequality, invariance, 
functional relation, or whatever it may be. 
This is a sort of static thing to be dug out 
and exhibited in the form of mathematical 
expressions. A study of the types of 
mathematical relations is not unlike the 
study of grammar and of logic. We are 
interested not merely in quantities be- 
having like nouns but in their relations 
expressible through sentences. 

4. Analogous, to but readily distin- 
guishable from the concept of mathe- 
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matical relation are the concepts of mathe- 
matical operations. What is the pupil ex- 
pected to do with relations once he has 
found them? How can they be recast into 
other forms, or combined to yield new 
results. This is not the problem of gram- 
matical analysis, but of diction, or if you 
wish, of logical operation. The study of 
mathematical provides the 
shop-work for the study. Technique in 


operations 


operation is more or less important but 
up to date seems to have usurped the 
entire stage. 

5. There is the concept of mathematical 
This the purposive 
aspects of the study of a problem. With 
what end in view is the problem being 
investigated? What are we looking for? 
Would we recognize a final result if we 


solution. involves 


came across it? How can the desired aim 
be achieved? How can we be confident 
that our results are not mistaken? How 
can we check our steps? 

It seems clear that unless one knows in 
what direction he wishes to go, all this 
technical skill in operations will be of no 
profit. The desired result is hardly likely 
to emerge and be recognized, as a mere 
accident after blind fumbling, at least in 
significant situations. Yet it is this phase 
of the subject which seems most often 
systematically ignored. The wholesome if 
rather chilling question “Just what do you 
think you are trying to do?” is much too 
likely to yield foolish answers, if answers 
of any sort at all are forthcoming, for us 
to like to ask it. Indeed the pupils some- 
times that 
thinking needs be done is the express re- 
sponsibility of the teacher, “Theirs not to 
reason why!” 

Perhaps you recall the scene of the 
court trial in ‘Alice in Wonderland.’ The 
Mad Hatter was the first witness. He came 
in with tea cup and bread and butter. ‘I 
beg pardon, your Majesty,” 


come to suppose whatever 


he began, 


“for bringing these in; but I hadn’t quite 
finished my tea when I was sent for.”’ 
“You ought to have finished,” said the 
King. ‘‘When did you begin?” The Hatter 
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looked at the March Hare, who had fol- 
lowed him into court, arm in arm with 
the Dormouse. ‘Fourteenth of March, I 
think it was,” he said. “Fifteenth,” said 
the March Hare. ‘Sixteenth,’ said the 
Dormouse. ‘Write that down,” said the 
King to the jury; and the jury eagerly 
wrote down all three dates on their slates, 
and then added them up, and reduced 
the answer to shillings and pence. 

It may be inappropriate to inform the 
young people in a school of the variety of 
languages spoken by nations scattered over 
the earth, and yet the way in which the 
conqueror may impose his vocabulary 
upon a subject people to be retained by 
them long after that conqueror has with- 
drawn his rule, has a feature of romantic 
interest. Their old idiomatic phrasing 
even the quantity and quality of their 
vowels and consonants may survive 
through a complete suppression of their 
vocabulary. Or again, the loyalty of 
colonists to the language of their fathers is 
at times pathetic. Why Old Danish is 
spoken in Iceland, Portuguese in Brazil, 
mildly modified Latin in Roumania, 
French in Quebec, Malayan in Mada- 
gascar, revives the story of history and 
enriches the study of geography. But to- 
day amid the revival of nationalistic in- 
terests and the resurrection or creation of 
a babel of national languages, mathe- 
matical symbolism starting with Hindu- 
Arabic numerals remains truly universal. 
The algebraic equation recognizes no na- 
tional boundaries and appears in identical 
dress in the scientifie works of practically 
all nations, 

I have not spoken of common sense in 
algebra, or in the teachers of algebra. Yet 
even this is not unrelated to the problem 
of language. Words are instruments for a 
purpose, One does not manufacture words 
merely to swell a bloated vocabulary. We 
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use words to convey ideas and emotions. 
We do not contrive new notions and pass 
through strange experiences merely for the 
purpose of coining phrases. The pupil 
rebels against literary artificiality. What- 
ever an author says which finds no re- 
sponse in the pupil’s own nature is treated 
with scant respect and a minimum of at- 
tention. As the adolescent develops in his 
personal and social experiences, books in- 
tended for a mature public acquire new 
interest and importance for him. Mathe- 
matics similarly should fit a conscious 
need in an acceptable manner. An alge- 
braic problem whose formulation is trivial 
and whose answer is ridiculous has no 
place in student economy. 

There was a problem that swept the 
country some years ago. It appeared in 
the newspapers and answers of all sorts 
and frantic inquiries suggested a wide- 
spread interest all out of proportion to the 
social significance of the situation it de- 
scribed. Hundreds of thousands, perhaps 
millions of readers of the problem had 
passed creditably high school courses in 
algebra. But the problem baffled them. 
They could not find their way amidst the 
complications of its brief data. It was daze 
in the maze. And so although the subject 
cannot be exhausted in these few words, 
yet since the audience can, I shall close by 
quoting it. It whispers its answer only to 
those who speak in algebra as a language. 


How old is Ann? 


The combined ages of Mary and Ann is 
44 years. Mary is twice as old as Ann was 
when Mary was half as old as Ann will be 
when Ann is three times as old as Mary 
was when Mary was three times as old as 
Ann. How old is Ann? 

Kven if it must be at times through 
problems as useless as this, let us make of 
algebra, a language of thought. 
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A General Educator Looks at Arithmetic Readiness 


By Ciirrorp Woopy 
School of Education 
University of Michigan, Ann Arbor, Mich. 
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THE term “readiness” is of the 
latest additions to the family of educa- 
tional concepts. The term usually refers 
to readiness for the mastery of things to 
be learned in the primary grades, although 
at the present time the concept is begin- 
ning to be used in connection with the 
learning of almost any topic to be taught 
in the various grades. Many articles have 


one 


been published on reading readiness and 
several tests labelled “reading readiness 
tests’”” have been developed within the 
last decade. More recently, attention is 
being centered on arithmetic readiness. 


Uses OF THE TERM 

The concept “readiness” as it appears 
in the educational literature and in the 
discussions of teachers implies a number 
of meanings: biological readiness, psycho- 
logical readiness, sociological readiness, 
and educational readiness. Biological 
readiness refers to the health and physical 
development of the learner. Biological 
readiness concerns itself with organism 
the development of the sense organs of 
vision, hearing, speech, touch, ete. If the 
physical organism is anemic, under- 
nourished, underdeveloped, or defective, 
it cannot function efficiently. It certainly 
is not ready for a high level of learning 
efficiency. 

Psychological readiness refers to the de- 
velopment of the nervous system and the 
functioning of the mental capacities. At 
times this phase of the concept refers to 
the physiological status of the nerves; at 
other times, to the nature of mental per- 
formance, Quite recently the term mental 
maturity has been applied. The question 
is often asked, ‘Is the learner sufficiently 
mature mentally to master the thing to be 
learned?” Since mental age has often been 
taken as the measure of mental maturity, 


efforts have been made to determine just 
what the 
mastery of a given subject or process. To 
illustrate, Terman stated at one time that 


mental age is essential for 


a mental age of 6 years and 6 months was 
essential for successfully mastering the 
Wash- 
burne has suggested that a mental age 


reading encountered in Grade I. 


of 12 years and 7 months is essential for 
the mastery of long division, and a mental 
age of 9 years and 10 months for the 
mastery of like fractions involving no 
borrowing. 

Social readiness, as I choose to call it, 
refers to the needs of the child in his social 
surroundings. Social readiness refers to 
the pressures inherent in the child’s activi- 
ties and adjustments. It may refer to the 
incidental needs of the child. If the child 
is to participate effectively in his play, he 
needs to count or to read numbers, Like- 
wise, in his play, he learns the meaning of 
such units of measurements as: pint, 
quart, penny, dime, day, hour; of certain 
terms like: more, less, most, same, longer, 
shorter, buy, sell, cost; of certain expres- 
sions involving the reading of: scores, tele- 
phone numbers, street numbers, numbers 
on a speedometer; of simple arithemtical 
processes involving: simple addition, sub- 
traction, and multiplication, through in- 
cidental with children, 
parents, or other adults. Social readiness 


associations 


thus refers to the pressures and incentives 
to learning resulting from normal partici- 
pation in the daily living and functioning 
of the child. 

~Educational readiness, as used by the 
writer, suggests the preparation which 
the teacher consciously makes in getting 
the child ready to learn the things to be 
taught. As the schools are now organized, 
the teacher is supposed to teach some- 
thing. Her educational course is apt to be 


314 
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well charted. She must teach certain topics 
in arithmetic in Grade ILI. With her eyes 
riveted on the thing to be taught, she 
makes an effort to have the pupils learn 
it. She is apt to stress the topic as pre- 
sented in her book. If a pupil cannot un- 
derstand nor master the topic, she says 
he is not ready for such learning. Inci- 
dentally, it may be added that if the pupil 
does learn the topic, he learns it in spite 
of the teacher rather than because of her. 
Iduecational readiness, as the writer 
thinks of it, presupposes centering at- 
tention on the learner: it consists of those 
things a good teacher does to connect 
the child’s experiences with the things to 
be taught in order that understanding and 
mastery may result. When a pupil is 
ready for learning, he learns with ease 
and satisfaction. 


{EADINESS A RECTANGULAR 


STATUS 


each of the four characteristics of readi- 
ness mentioned is in itself very significant 
and represents an important approach to 
the study of learning. Investigations deal- 
ing with biological, psychological, socio- 
logical and educational readiness must be 
integrated in order to be of value in the 
educational process. All four kinds of 
readiness are essential in the learning of 
any school task. It is obvious that in 
learning a given task there must be an 
organism with properly functioning sense 
organs; a nervous system that performs 
effectively those activities involving per- 
ception, association, meanings, reason and 
memory; a social environment which pro- 
vides those pressures and stimulations 
which play on the sense organs of the 
learner and provide the bases of experi- 
ence and the resultant learning, which be- 
comes the means whereby future sensa- 
tions are translated into meaning; an edu- 
cational environment in which the things 
to be learned are presented and the in- 
structional preparation is made whereby 
learning may take place and be made per- 
manent. 


While all four of the aspects of readi- 
ness are important and should be con- 
sidered in the analysis of the concept of 
readiness, the teacher can do little about 
biological and psychological readiness per 
se. When the child presents himself in 
school, he is there to be taught. The 
teacher cannot change either the biologi- 
cal or psychological readiness for learning; 
she can only determine through reports of 
medical and psychological examinations 
the status of biological and psychological 
development. The teacher cannot control 
the sociological environment of the child, 
but she can ascertain something of the 
nature of his experience and his incidental 
learnings and use these as a basis for fu- 
ture instruction. The teacher should cer- 
tainly make every effort to determine the 
educational capital which the child has 
stored up as a result of his participation 
in the social life with which he has been 
surrounded. The teacher, in a real sense, 
has control over the child’s educational 
readiness for learning a given subject. It 
is true that many teachers may have con- 
tributed to the educational readiness of a 
pupil at a given moment, but at the time 
anything is to be taught a given teacher 
is responsible for preparing the child for 
learning the thing to be learned. From one 
point of view, educational readiness lies at 
the heart of the instructional process. Of- 
ten the assertion that the child is not in 
a condition of readiness to learn a given 
assignment suggests unwillingness on the 
part of the teacher to adjust her instruc- 
tion to the level of the child’s biological 
and psychological maturity, to the experi- 
ence which he has obtained through his 
incidental contacts with social life, and to 
the things which he has learned through 
previous instructional efforts. 


SOME GENERALIZATIONS CON- 
CERNING ARITHMETIC 
READINESS 

The discussion thus far has concerned 
itself with general statements pertaining 
to the concept of readiness. These state- 
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ments apply to the learning of arithmetic 
as well as to other subjects. However, 
since this group is primarily interested in 
the teaching of arithmetic, or other phases 
of mathematics, consideration will be 
given to some generalizations which ap- 
ply directly to the teaching of arithmetic. 
Some of the generalizations will be based 
upon experimental data; others, upon the 
writer’s observations and upon his de- 
ductions concerning the learning process. 
These generalizations will be presented in 
rather dogmatic fashion. It is hoped that 
future study and experimentation will 
prove the truth or falsity of the state- 
ments. 


THE GENERALIZATIONS 


1. Readiness for the formal study of 
arithmetic presupposes that the child has had 
much incidental and concrete experience 
with the concepts, operations and processes 
involved. The maxim ‘from experience to 
expression,” is applicable in the teaching 
of arithmetic as well as in the teaching of 
language and reading. This incidental and 
concrete experience may be of two types: 
that gained by the child in making his 
adjustment to his social and school life; 
and that which may be consciously built 
up by the teacher through games and ex- 
concepts and 

always ad- 


ercises devised to teach 
number relationships, but 
justed to the interest and level of the 
child’s experience. The investigations of 
Buckingham and MacLatchy! on the 
number abilities of six-year old children 
entering Grade I, and of the writer? on 
the amount of arithmetic possessed by the 
pupils at the time of beginning formal m- 
struction in arithmetic suggest that the 
children had a surprising knowledge of 
rate and rational counting, elementary 
1B. R. Buckingham and Josephine Mac- 


Latchy, “The Number Abilities of Children 
When They Enter Grade One,” Twenty-ninth 


Yearbook of the National Society for Study of 
Education. Bloomington, Illinois: Public School 
Publishing Company, 1930, pp. 473-524. 

2 Clifford Woody, ‘‘The Arithmetical Back- 
grounds of Young Children,”’ Journal of Educa- 
tional Research, XXIV, October, 1931, 188-201. 
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involving 
United States money and various units 
and types of measurements. The children 
manifested also an understanding of the 


fractions, simple operations 


involved in the solution of 
simple verbal problems. The origin of the 
knowledge manifested by these children 
was fourfold: controlled activities in which 
the children participated, such as going to 
the store, hunting eggs, setting the table, 
or running errands for older people; ac- 


tivities of play, such as hopscotch, jacks; 


processes 


casual association with older children or 
adults through which number and num- 
ber relations were explained or taught; 
definite instruction given by older chil- 
dren, parents or other adults. It would be 
erroneous to say that all the knowledge 
possessed by the children involved in the 
investigations of Buckingham and Mac- 
Latchy and the writer was gained inci- 
dentally or was objective, but most, if 
not all, of it occurred before the advent 
of the classroom teacher. 

These preschool number experiences of 
the children represent the original capital 
for instruction in arithmetic. These ex- 
periences may be augmented incidentally 
by many activities of the school room. 
Miss Reid’ in her study of the incidental 
number situations in the first grade found 
the following interesting situations in 
which counting and number relationship 
naturally arise: counting on the calendar 
the number of days remaining until the 
end of vacation, the snowy days, the 
windy days, the sunny days; mentioning 
days of the week, dates and birthdays; 
counting the number of pupils in class, 
the number of pupils absent, the number 
of people on committees and the number 
of things listed for accomplishment; 
counting the number of pages to read in a 
given story and the number of repetitions 
of certain sentences, phrases and words. 
Undoubtedly this list of activities can be 
greatly extended but enough illustrations 

3 Florence E. Reid, ‘‘Incidental Number Sit- 


uations in the First Grade,’’ Journal of Educa- 
tional Research, XXX, September, 1936, 36-44. 
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have been cited to show how these experi- 
ences provide concreteness and meaning 
in the number relationships involved. 
While the writer believes that the inci- 
dental number experiences of the pupils 
constitute the only legitimate basis for 
readiness for arithmetic, he admits the 
possibility and legitimate use of number 
experiences originating within the con- 
fines of the number system itself, provided 
that the latter experiences are related to 
the former type of incidental experiences. 
From these concrete and incidental re- 
lations naturally evolve those abstract 
relationships such as, number in a series, 
comparison of the size of numbers, num- 
ber in a group, number of equal parts 
making up a whole or the equivalence for 
fractional parts. These abstract situations 
should serve, expand, organize and make 
permanent the incidental knowledge pre- 
viously gained. The experiences with ab- 
stract number relationships, if properly 
related to concrete experience, in time 
take on the properties of the concrete and 
become a part end parcel of the arithmeti- 
eal experience through which new rela- 
tionships, when properly introduced, take 
Thus it 
should be clear that readiness for teaching 


on meaning and significance. 
any topic in arithmetic presupposes such 
concrete and first-hand experience out of 
which the desired number relationship 
may evolve. If such experience is not pro- 
vided, the learning is apt to be mere ver- 
balism. Two examples will illustrate this 
verbalism, both contributed by students 
of mine. Mr. Irving 8. Edwards of Hough- 
ton, Michigan, in attempting to deter- 
mine the accuracy with which pupils in 
Grades IV to VIII can estimate certain 
units of measure, had the pupils estimate 
the lengths of sticks of various lengths, 
such as 3 inches, 2 feet, and 2 yards; the 
amount of water the following measures 
or cylinders would hold: pint, quart, 
gallon; the weights of blocks weighing 3 
ounces, and 13 pounds. Out of 285 pupils 
he found that 120 could not tell the dif- 
ference between 3 and 4 inches; 39, the 


difference between pint and quart; 36, 
the 
quarts; 22, the difference between 2 yards 


difference between 1 quart and 2 
and 4 yards. Out of 125 pupils he found 
that 49 could not tell the difference be- 
tween a gallon and 2 gallons, At least, the 
responses suggest these amounts of error 
in their judgments. This investigation 
shows that the pupils had only the vaguest 
conception of the various units of meas- 
ures which they are encountering in their 
verbal problems. 

The second ijlustration is a study by 
Mr. A. Ek. Vanzo of Dearborn, Michigan. 
After Grade VII had finished studying 
board measure, he presented the 100 mem- 
bers of three classes with two boards: one 
board 6 feet and 3 inches long, 10 inches 
wide and 1 inch thick; the other board, 36 
inches long, 53 inches wide and 1 inch 
thick, and asked them to find the num- 
ber of board feet in each piece. Only 1 
pupil reached the correct answer for the 
first board, and but 16 pupils were able 
to find the correct solution for the second 
board. However, when he wrote verbal 
statements of the problems on the board 
after the fashion of the problem in the 
book, all the pupils solved the exercises 
correctly. These pupils could do what the 
book called for, but they could not make 
application to a real situation. It is sug- 
gested that learning, divorced from con- 
crete experience and application to the 
affairs of life, may result in mere verbalism. 

2. Readiness for the teaching of any ele- 
ment of arithmetic presupposes mastery of 
the language elements in the situation in- 
volved. Pupils often manifest difficulty in 
dealing with number situations because 
they do not understand the language ele- 
ments of the situation. Primary teachers 
realize that they must teach the meaning 
of: more, less, some, equal, long, longer, 
tall, taller, add, take-away, times, ete. 
The child’s behavior, in erasing the lower 
digit of a subtraction combination and 
writing the upper one as being what was 
left, was a normal response to the task of 
writing what was left after the instruc- 
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tion to “take-away” the lower number. 
This child, not knowing the meaning of 
the term “take-away,” simply erased all 
of the lower numbers and wrote what was 
left. Russel* in his investigation of the 
arithmetical concepts of children finds 
that in having children match piles of 
blocks, count blocks, chose larger piles of 
blocks, pick out identical combinations 
and matched numbers, the kind of in- 
struction given had a marked influence on 
the child’s performance. He found that 
the seven-year old child understands the 
words ‘‘most,’”’ “‘more’’ and “‘many”’ but 
that he does not understand the words 
“same” and “equal.” 

Lack of familiarity with the vocabulary 
of mathematics is not confined to the pri- 
mary grades. Witness the results of the 
Buswell and John® vocabulary test in 
which they show that 82% of the 240 
pupils in Grades I to VI knew the mean- 
ing of the word “‘spend’’; 47% the mean- 
ing of the word “inch’’; 38%, the meaning 
of the word “each”; 50% the meaning of 
the word ‘equal’; 61%, the meaning of 
the word “subtract”; 38% the meaning 
of the word “‘carry”’; 38%, the meaning of 
the word “sum’’; 15%, the meaning of the 
word “acre’’; 17%, the meaning of the 
word ‘discount’; 38%, the meaning of 
the phrase “reasonable answer’; 63%, 
the meaning of the phrase “per yard.”’ 

Butler,® in testing the junior high school 
pupils’ knowledge of Schorling’s mini- 
mum mathematics vocabulary for Grades 
VII, VIII and IX, found that the pupils 
in Grade IX had only about two-thirds 
mastery. 

It seems obvious that pupils who do not 
understand the language to be employed 


4 Ned M. Russell, ‘“‘Arithmetical Concepts 
of Children,” Journal of Educational Research, 
XXIX, May, 1936, 647-63. 

5 G. T. Buswell and Lenore John, ‘“‘The Vo- 
cabulary of Arithmetic,’’ Supplementary Educa- 
tional Monograph No. 38. Chicago, Illinois: The 
University of Chicago, 1931. 

6 Charles H. Butler, Mastery of Certain 
Mathematical Concepts by Pupils at the Junior 
High School Level. (Doctor’s dissertation, Uni- 
versity of Missouri, 1931.) 
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in an arithmetic situation are not ready 
for instruction involving that situation. 
Nevertheless, teachers often neglect this 
phase of instruction in arithmetic. The 
remedy for lack of understanding of the 
vocabulary is recourse to the concrete ex- 
periences of the pupil’s life mentioned 
under the previous section, and practice in 
abstract situations for making the mean- 
ings permanent. 

3. Readiness for the teaching of any ele- 
ment in arithmetic presupposes the ability 
to read such material as that containing the 
element to be taught. While the writer is not 
aware of studies establishing a high posi- 
tive 
reading and readiness for arithmetic, he is 


correlation between readiness for 
of the opinion that such high relationship 
should exist. In an unpublished study re- 
cently made under the writer’s direction 
the pupil’s score on a test for span of at- 
tention, in which he was asked to repro- 
duce orally a series of sentences of gradu- 
ally increased length and complexity, 
proved to be the best criterion of predic- 
tion for success in reading. It seems logi- 
cal that a good reader must keep in mind 
the sense of the sentence from the begin- 
ning till the end. If he cannot retain the 
whole sentence, he cannot read it with 
understanding. Thus, this sentence struc- 
ture in reading should be conditioned by 
the span of the pupil’s attention. Likewise, 
in arithmetic the statement of the verbal 
problem should conform to the pupil’s 
span of attention. If he cannot keep in 
mind the total statement of the problem, 
he is not ready to attempt its solution. If 
he cannot read the statement of the prob- 
lem intelligently, using proper grouping of 
ideas and proper expression, he has little 
chance of its solution. Many pupils ex- 
periencing difficulty in the solution of the 
problem have no difficulty at all after 
listening to the teacher read the statement 
of the problem. Pupils who read by 


merely calling words often experience dif- 
ficulty in the solution of verbal problems 
in arithmetic. 

4. Readiness for the teaching of any ele- 
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ment in arithmetic presupposes facility in 
handling all of the subsidiary parts consti- 
tuting the new element. The teaching of a 
new element in arithmetic should grow 
gradually out of the elements previously 
taught, as outlined under the discussion of 
the first generalization. Before any new 
element is taught, facts of pertinent re- 
lationship to the child’s incidental con- 
crete experience and to related aspects of 
previous instruction should be reviewed. 
There may be a few exceptions to this 
generalization, in which recourse to the 
child’s experience and previous instruction 
may add confusion rather than enlighten- 
ment, but such recourse is usually advan- 
tageous. To illustrate what is meant by 
facility in handling all subsidiary parts 
constituting the new element, let us sup- 
pose one wishes to introduce the idea of 
multiplying 374 by 5 
mastered 74 by 5. The solution to this ex- 
ercise presupposes facility in understand- 
ing the meaning of the terms; in having 
the pupil write the exercise to facilitate 
calculation; in a knowledge of the prod- 
ucts 5X4, 5X7, and 5X3; in knowing 
how to multiply mentally and to add or 
carry; in knowing how to write the answer 


after having 


when multiplying a one-place number by 
a one-place number; and in knowing how 
to write the product of a two-place num- 
ber by a one-place number. If the pupil 
can do all these subsidiary things, the 
chances are that he is ready for the in- 
struction of the new step—at least, the 
point to the new step will be his only dif- 
ficulty. 

5. Readiness for the teaching of any ele- 
ment in arithmetic presupposes a mental 
maturity commensurate with the mastery of 
that studies on 
mental maturity essential to the mastery 
of the various phases of arithmetic have 
been very suggestive, but not altogether 
convincing. He suggests that a minimum 
mental age of 7 years and 4 months, or an 


element. Washburne’s’ 


7 Carleton Washburne, ‘Mental Age and 
the Arithmetic Curriculum” Journal of Educa- 
tional Research, XXIII, March, 1931, 210-31. 
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optimum mental age of 7 years and 4 
months, is essential to the mastery of ad- 
dition with sums over 10; a minimum 
mental age of 8 years and 9 months, or an 
optimum mental age of 8 years and 9 
months, for the mastery of the subtrac- 
tion process; a minimum or optimum men- 
tal age of 10 years and 2 months, for the 
mastery of the multiplication facts; a 
minimum mental age of 10 years and 11 
months, or an optimum mental age of 12 
years and 6 months, for the mastery of 
mental age of 9 
10 months, or 


decimals; a minimum 


years and an optimum 
mental age of 11 years and 1 month, for 
the mastery of addition and subtraction 
of like fractions and mixed numbers with 
like fractions involving no borrowing; a 
minimum or optimum mental age of 12 
years and 7 months, for the mastery of 
long division. 

Brownell and Chazal* in their efforts to 
determine the influence of daily drills for 
one month on the two hundred combina- 
tions in addition and subtraction which 
had been previously taught in Grades I 
and II, came to the conclusion that drill 
on these combinations is no guarantee 
that the pupils will give the correct re- 
sponses immediately. In spite of the long 
drill, the pupils tended to utilize various 
the 
sponses. In a sense, their results seem to 


crutches in arriving at correct re- 
corroborate the findings of Washburne, 
but their statement that “learning, not 
drill, is the important question in arith- 
metic’’ suggests that they are in favor of 
modifying the nature of the instruction 
on these topics rather than assuming that 
instruction involving such topics is futile. 

There is evidence that children can and 
do learn to add, subtract and multiply; 
deal with United States money, fractions, 
units of measurement, etc. even though 
they may not manifest the mental levels 
indicated by Washburne. While tradi- 


8 William A. Brownell and Charlotte B. 
Chazal, ‘“‘The Effects of Premature Drill in 
Third-Grade Arithmetic,’”’ Journal of Educa- 
tional Research, X XIX, September, 1935, 17-28. 
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tion is not an authority, its practices sug- 
gest that pupils can and have mastered 
these processes fairly well though the times 
of teaching the processes are different 
from those indicated by Washburne. The 
investigations by Buckingham and Mac- 
Latchy and the writer, previously men- 
tioned, certainly suggest that children at 
an early age encounter and master the 
simple use of the fundamental operations 
of arithmetic.* MacGregor® in presenting 
that pupils in Scotland 
master the various processes of arithmetic 


evidence can 
earlier in their school life than can the 
pupils in this country, found that the 
children in the schools of Scotland begin 
formal instruction at the age of five and 
consequently maintain a constant supe- 
riority of from one to two years over the 
levels exhibited in the public schools of 
America. Miss Polkinghorne,'® in an in- 
vestigation to discover whether the child 
has any conception of fractions before for- 
mal instruction, found that every one of 
the 266 children in the Kindergarten and 
in Grades II to III, inclusive, in the 
University of Chicago Elementary School 
showed that he knew something about 
fractions. She found that pupils, four to 
six years of age, had some concept of unit 
fractions; pupils six to eight years of age 
had some knowledge of proper fractions 
other than unit fractions and improper 
fractions; pupils eight to ten years of age 
had some knowledge of identification of 
fractions. She found that the pupils’ 
knowledge of fractions had been learned 
without systematic instruction since no 
such instruction had been given in the 
school. It seems that sufficient citations 
have been made to suggest that children 
of various mental levels can and do learn 
numerous processes of arithmetic before 
formal instruction. 

One cannot escape the suspicion that 

® Gregor MacGregor, Achievement Tests in 
the Primary School. London: University of Lon- 
don Press, 1934. pp. 136. 

10 Ada Polkinghorne, Foundations in Arith- 


metic. Washington, D. C.: Association for Child- 
hood Education, 1937. pp. 32. 
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many factors other than mental age are 
functioning in the mastery of the various 
operations in arithmetic. Mental age is 
important, but the writer believes that 
when adequate investigations are avail- 
able the same situation in the learning of 
arithmetic will prevail as was found by 
Gates! in his extensive study of the fac- 
tors predictive of reading readiness, viz., 
that 
prompts the mastery of reading the child 
possesses the mental capacity to master 
the 
dence pointing to this conclusion concern- 


whenever a dominant purpose 


process. There is considerable eVvi- 


ing the mastery of the operations of 
arithmetic. 

To determine accurately the mental 
level essential to the mastery of a given 
element in arithmetic is a very compli- 
cated process. Much attention must be 
given to the processes of instruction pre- 
liminary to the introduction of the given 
element. There must 
mentation with various types of approach. 


be much experi- 


The influence of teaching the element as a 
natural outgrowth of the children’s activ- 
ities must be contrasted with that which 
results from preparing for the teaching of 
the element through providing prelimi- 
nary practice with devices designed to 
provide suitable educational experiences 
based upon more or less abstract and arti- 
ficial devices. Furthermore, it is possible 
that new methods of teaching and a new 
placement of the topics of arithmetic may 
exert a great influence on the difficulty of 
learning the elements. It is the writer’s 
conviction that the operations of arith- 
metic are used in life in an integrated 
fashion and that the separation into such 
isolated operations as addition, subtrac- 
tion, fractions, units of measurements, 
ete. is quite artificial. Instruction involv- 
ing any of these operations contributes to 
the mastery of the others. Since many 
operations are involved in any activity, 
the need for any given operation presents 


" Arthur I. Gates and Guy L. Bond, “Read- 
ing Readiness,”’ Teachers College Record, XX X- 
VII, May, 1936, 679-85. 
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the time for instruction on that operation. 
It is ventured that when need and pur- 
pose are dominant, the child will exhibit 
sufficient mental ability to master the 


process, 
CONCLUSION 
The writer, in presenting these generali- 
zations, has not confined his interpreta- 


to the time 
at which formal instruction should be in- 


tion of the term ‘‘readiness’”’ 


troduced. He has formulated principles 


which he feels constitute readiness for 
introducing any given operation in arith- 
metic. Readiness was conceived as a rect- 
angular process with its biological, psy- 
chological, sociological and educational 
aspects. Emphasis has been placed on the 


normal biological and psychological or- 


ganism functioning in a social and educa- 


tional environment. Stress has been 


placed upon readiness as that state which 
evolves from an abundance of incidental 
and controlled educational 


but knowledge of the language elements 


experience, 


of the situations involved, the ability to 
read the ele- 
is presented, the mastery of all 


any statements in which 
ment 
parts subsidiary to the new element, and 
the possession of a mental maturity com- 
mensurate to the mastery of the elements 
involved are essential. The writer, in dis- 
cussing the influence of mental maturity 
as a factor of readiness, suggests that 
methods of previous instruction and domi- 
nant purposes and needs will affect greatly 
the mental level essential to the mastery 


of any operation in arithmetic. 








The 


Vol. 14 (1921) Jan., Feb., April, May 

Vol. 16 (1923) Feb., May, Dec. 

Vol. 17 (1924) May, Dee 

Vol. 18 (1925) April, May, Nov 

Vol. 19 (1926) May. 

Vol. 20 (1927) Feb., April, May, De 

Vol. 21 (1928) Mar., April, May, Nov., De« 


Vol. 22 (1929) Jan., Feb., Mar., April, May, 
Nov., Dee. 

Vol. 23 (1930) Jan., Feb.. Mar., April, May, 
Nov.. Dee 


Back Numbers Available 


following issues of the Mathematics Teacher are still available and may be 
had from the office of the Mathematics Teacher, 525 West 120th Street, New York. 


Price: 25ce each. 


24 (1931) Feb., 
25 (1932) Jan.., 
Oct. Nov., Dee 
Vol. 26 (1933) Feb., Mar., April, May, De: 
Vol. 27 (1934) Jan., Feb., Mar., April, May, Des 
Vol. 28 (1935) Feb., April, May, Oct., Dec 
Vol. 29 (1936) Jan., Feb.. Mar., April, 

Oct., Nov., Dee 
Vol. 30 (1937) Jan., Feb.., 
Nov. 


April, May, Oct., De 


Vol 
Vol. Feb., Mar., April, 


May. 


May, 


Mar., April, May, Oct., 








Back numbers of The Mathematics Teacher 

containing the following plays may be had 

from the office of The Mathematics 

Teacher, 525 West 120th Street, New York. 

A Problem Play. Dena Cohen. 

Alice in Dozenland. Wilhelmina Pitcher. 

An Idea That Paid. Florence Brooks Mil- 
ler 

Mathematical Nightmare. Josephine Sker- 
rett. 





PLAYS 


Mathesis. Ella Brownell. 

The Eternal Triangle. Gerald Raftery 

The Mathematics Club Meets. Wilimina 
Everett Pitcher. 

The Case of “Matthews Mattix.” Alice K 
Smith. 

More Than One Mystery. Celia Russell. 


P we: I5¢ eat h 

















Some Psychological Phases of Student Success in 
High School Mathematics 


By J. Evt ALLEN 
Phillips High School, Birmingham, Ala. 


IN MATHEMATICS just as in any other 
field of learning, there is today very wide 
diversity of achievement by the boys and 
girls in our high schools. This paper is an 
effort to indicate some of the situations 
that condition pupils for successful learn- 
ing of mathematics. 

Pupils, parents and teachers assign 
various reasons for failure. The pupil who 
does not read well says that the text is not 
clear or that it is too difficult, while in- 
attentive pupils say that teachers do not 
explain. Another says that he sees no 
sense to it or does not understand it. To 
him mathematics is not real or meaning- 
ful. The parent is frequently heard to say, 
“My child can never shine in mathe- 
matics, because all the family have had 
difficulty in it.’”” When the primitive medi- 
cine man saw his patients dying in pain he 
said that they were possessed of evil 
spirits. And when we see our pupils dying 
mathematically, we are sometimes in- 
clined to say that they too are possessed 
of the evil spirits of laziness, indifference, 
inaptitude or dumbness. Even so great 
and noble a teacher as Dr. Thomas A. 
Clark, Dean of Men University of Illi- 
nois, is quoted as saying that most fail- 
ures are due to laziness. 

These students, their parents and 
teachers sometimes give us clues which if 
analyzed may reveal and help to remove 
some of the obstacles in the pathway to 
success. Let us give consideration to the 
following more or less’ psychological 
phases of learning mathematics. 


I. Some pupils are inhibited against suc- 
cess by a belief in an inherent lack of 
mathematical talent. 


There are two schools of thought in re- 
gard to native mental ability. One group 


holds to the theory or doctrine of com- 
pensation, that is, the belief that a mind 
may be natively strong in one or more 
special fields and weak in other fields. 
The other group accepts the more recent 
concept of the mind as a unit, and that an 
intelligent person having volitional power 
and physically sound can do most any 
work in which he may be interested. John 
Locke may be cited as a representative of 
the first group and Karl Pearson of the 
other. 

There is here no intention to discuss the 
merits or demerits of either theory except 
to say that the first theory often condi- 
tions boys and girls against success in 
mathematics. Most parents place a very 
high value on mathematics and wish for 
their children success in it. They, at the 
same time, often hinder success by be- 
lieving and saying that “lack of mathe- 
matical ability runs in the family.’”’ They 
often add—‘“I never could understand it 
and have forgotten what little I did 
learn,” implying that mathematics is not 
a real or valuable science but merely non- 
sense manipulations to be memorized, re- 
cited and forgotten. These statements pro- 
duce inhibitions like magic and the child 
is sent into the classroom with a mental 
set that he cannot do mathematics and 
that he is not expected to succeed with it 
or to enjoy it. 

To his teacher and to his classmates, 
this inhibited child may seem stupid and 
dumb but he is often bright and resource- 
ful on the playground or elsewhere. His 
belief in a lack of native mathematical 
ability and (unconscious) fear of failure 
so inhibits his mental processes in class 
that the teacher’s diagnosis of dumbness 
seems correct. 

The teacher’s most important and most 
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difficult problem is the removal of the child’s 
inhibitions and the restoring, building up 
and maintaining of the child’s faith in his 
own ability. And not for the teacher alone 
for this difficult problem will require the 
intelligent cooperation of the child’s par- 
ents and associates. The teacher himself 
will need a new faith in the ability of the 
youth. 


Il. Favorable emotional adjustment leads 


to success. 


Both children and adults hunger for 
attention. The mischievous child enjoys 
the attention his conduct draws to him. 
Soth children and adults are eager for 
praise. We all thrive on it. A boy works 
harder in a football game than he does in 
a mathematics class. But in proportion to 
the immediate applause from the grand- 
stand, his effort on the field is not any 
greater than it is in the class room. This 
is not to say that praise should be given 
to poor work, nor does the writer forget 
that good work is its own reward. But 
human qualities being what they are, 
praise of good work will bring increased 
production. 

Just as more people fail in economic and 
industrial life from lack of social grace 
than from lack of skill, so more students 
fail in mathematics from lack of proper 
emotional attitude than from lack of 
ability. Favorable emotional attitude to- 
ward both teacher and topic is probably 
the greatest contributing factor to stu- 
dent success and the mental annoyance 
of unfavorable emotional attitude con- 
tributes most to failure. This emotional 
mal-adjustment sets up a blockade or im- 
passivity making impossible the function- 
ing of the mental processes. 

Children suffer than adults in 
emotional mal-adjustments. Adulthood 
with its established conventions is prob- 
ably the happier period of life. Some are 
abnormally apathetic and weak but even 
a slow dull child should be self reliant, 
ambitious and happy. 


more 


III. Some pupils are psychologically con- 
ditioned against success by an attitude of 
superiority on the part of adults. 

When teachers or parents do a child’s 
work for him, they psychologically condi- 
tion him against suecess with it. Suppose 
that they wish to teach him fractions and 
ask him to divide three pencils equally 
between two children. He gives one pencil 
to one child and one to the other and is 
puzzled about the third pencil. This prob- 
lem situation is an important point in the 
learning process and much depends upon 
the attitude and action of the adult. Con- 
trary to the views of many people, even 
parents and teachers, the correct proce- 
dure is to leave the child to his own re- 
sources. A child is sensitive to defea¥, and 
when you explain about fractions and the 
two halves of a pencil the child is hindered 
in learning by your (scornful) expression 
of superiority. This feeling lessens the re- 
sourcefulness, productivity and happiness 
of the child. Most cases of lack of self- 
reliance, courage, confidence and _re- 
sourcefulness (often called laziness or lack 
of mathematical talent) have a history of 
over activity by parents and teachers. A 
child the responsibility 
when adult attitude convinces him that 
the problems are too difficult for him. He 
then feels justified in turning all problems 
back to the adult. But if the child’s re- 
sourcefulness is not weakened at home or 
at school by adult help too readily given, 


loses sense of 


he will make a more satisfactory progress 
and do most solvable problems. He may 
solve the problem of the third pencil by 
letting one child have it today and the 
other tomorrow or by finding some other 
resourceful and satisfactory solution. 
Teachers face a danger and a dilemma 
here. They are always tempted to fly to the 
rescue of a struggling pupil. Society often 
expects the teachers to solve the child’s 
problems for him or to show him how, 
which is all the work there is. But the big 
problem facing society is developing and 
sustaining the self-reliance and resourceful- 
ness of the child. 








IV. Proper teaching technique contributes 
much to success. 


It is generally believed that teachers 
should assign lessons and that pupils 
should study and learn these lessons and 
recite them in class. Mass education seems 
to imply this procedure. But lesson learn- 
ing does not lead to mastery. It places the 
emphasis on class work as an end rather 
than a means. It tempts the pupil to for- 
get each lesson as it is passed. The proper 
technique places emphasis on a mastery 
of the whole and more or less individual 
excursions into related fields. 


V. Teachers and students must clearly sep- 
arate mathematical principles from me- 
chanical processes. 


Certain manipulation processes com- 
monly used often lead to error and con- 
fusion in mathematics. Such mechanical 
processes as “cancellation,” “cross prod- 
ucts,” “transposition,” “clearing of frac- 


“changing signs’ ete. are not 
principles of mathematics. If the pupil 
discovers the processes for himself and 


recognizes them as such well and good. 


tions,” 


Otherwise, these expressions should never 
be used in elementary mathematics. 
mathematics keeps 
with the growth of rnterest in it. 


VI. Success in step 


Without interest effort is impossible 
and with interest laziness is impossible. 
teach a 
child anything until he wants to learn it 
and that it is then hardly necessary be- 
cause with interest he will learn it without 
you and even in spite of you. In so far as 
Rousseau meant to imply that the child 
should do only what he wants to do, we 
do not agree. The child’s experience is far 
too limited for him to decide what he 
should or should not do. But he can do 
far better work when and if he wants to 
do it. One of society’s greatest problems 
is building and directing the child’s in- 
terest and desires. Dewey’s doctrine of 
interest and effort is that the learner must 
identify the material to be learned with 


Rousseau said that you cannot 
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his own life. Success waits on interest. In- 
terest the child 
himself in some form of participation. In- 


grows when expresses 


waits on Interest 


with 


terest participation. 
the 


feeling, doing, ete. No child can achieve 


grows use of senses —seeing, 
real success without intense and sustained 
effort. 

The interest spoken of in this paper is 
not that interest which is present when 
interesting devices are used. It is not the 
interest often associated with teachers 
who amuse or entertain their classes. It is 
interest in the subject matter itself. It is 
sometimes caught from others who are in- 
terested. It is the interest that comes to 
those who discover what mathematics is. 
Many people mistake the province of 
mathematics. They believe that mathe- 
matics is merely the symbolism and that 
it is outside the field of their interest. 
One’s interest grows as his knowledge of 
the subject grows, and interest is an es- 
sential element in learning. 


VII. Success in 


mastery of its vocabulary. 


mathematics implies a 


Tests reveal that many pupils have a 
very limited vocabulary. Most of the lack 
of acquaintance with the vocabulary of 
mathematics is due to the youth and con- 
sequent inexperience of the boys and girls 
coming into our high schools. In recent 
times the workshops of the world have 
been taken out of the homes and children 
no longer work with and under the direc- 
tion of their parents. Teen age children 
today have much fewer actual experiences 
with the work-a-day world than did teen 
age children of former times, and the 
children threaten to forbid 
them the privilege of work at all. It is a 
very unfortunate situation. One of our 
teaching problems, therefore, is striving to 


enemies of 


supply experience giving situations that will 
give meaning to fundamental words and 
terms so that pupils can interpret or under- 
stand a presentation in mathematics. Other- 
wise, the child’s inadequate appreciation 


of the terminology does not permit him to 
think of mathematics as a study of the 
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quantitative 


relationships in everyday 
life, but as a mysterious syinbolism. [£x- 
perience getting activities lead to under- 


standing and to success. 


VIIL. The 


material 


use of real and meaningful 


contributes much to student 


SUCCESS, 


Many pupils graduate from high school 
still believing that algebra is something 
To them x is x “and 
They still believe that 
book’”’ 


something to be memorized and recited. 


about 2’s and y’s. 
nothing more.”’ 
geometry is “something in a 
Many of them memorize definitions, ax- 
ioms, rules and procedures. When you 
“show them how” they apparently make 
great progress on all exercises of that par- 
ticular type in algebra or on reproducing a 
proof in geometry. But memorizing rules, 
procedures, and proofs does not lead to 
appreciation or understanding. They can 
sometimes make high scores on an ex- 
amination and the teachers are often 
satisfied with the pupils’ progress. But the 
progress is only apparent. College ex- 
perience and the tests of later life show 
that 
soon forgotten and only the meaningful 


the processes and procedures are 


material remains a part of the individual. 
Making meaningful is the important step 
in the learning process. It is what Herbert 
Spencer so often referred to as rationali- 
zation, 

This is not to say that no manipula- 
tion processes should be taught. But it 
does imply that real or meaningful ma- 
terial should be used as much as possible 
and that the meanings contained in the 
manipulation exercises should not be over- 
looked. When asking the pupil to solve for 
rin the equation 4/3273 = 1728 he should 
know that he is being asked to find the 
radius of a sphere whose volume is one 
cubie foot, and it becomes more vivid if 
the sphere is called a basketball. Without 
problems mathematics would never have 
been born and without problems mathe- 
matics will surely die. Problem solving 
brings one a knowledge of the principles 
of mathematics. Just as a language is not 


— 


built upon the rules of grammar, but the 
rules grow out of the language, so mathe- 
matics does not altogether grow out of the 
rules and principles, but the rules and 
principles are learned in problem solving. 
It is logical to teach principles first, and a 
few principles must be taught early and 
thoroughly, but pedagogically we must 
teach applications first. Applications 
lead to principles. 

Children 
matical problems. We cannot, therefore, 


have very few real mathe- 
depend upon real problems for instruc- 
tion. We must resort to verbal descrip- 
tions of other people’s problems. Mean- 
ingful material can be supplied. When our 
instructional material is not meaningful 
to the pupil he gets a wrong set of mind 
about it. He works for the answer and the 
teacher’s approval rather than for an 
answer and his own approval. 

“Find John’s age if he is five years older 
than his sister and the sum of their ages 
is 21 years.’’ This is not a real problem 
because the ages of both must have been 
known before the problem was stated. It, 
however, has the virtue of being meaning- 
ful. “In how many years will you be one- 
half as old as your father?” This problem 
has three virtues. It is meaningful to the 
child, the 
known, and some of the necessary data 
must be supplied. It is helpful for children 
to supply or discard some of the data in a 
problem. 


answer was not previously 


It may be that reasoning ability cannot 
be developed. But one can develop the ha- 
bit of careful reading, the habit of looking 
up the meaning of unfamiliar words, the 
habit of analyzing and arranging data, 
the habit of supplying missing data or of 
discarding the irrelevant, the habit of ap- 
proximating in advance reasonable result 
to expect, the habit of verifying the re- 
sults so as to establish faith in his own 
work. Anyone who has the intelligence to 
recognize relationships, the ability to 
make abstractions, can acquire a knowl- 
edge of the symbols, can solve problems 
and can 


achieve a mastery of mathe- 


matics. 














The Teaching of Solid Geometry at the University 
of Vermont 


By G. H. NicHoison 


Burlington, Vermont 


My TEACHING experience of solid ge- 
ometry extends over ten years. During 
the first few years, I taught the subject as 
beginners usually do. I selected a text- 
book, wrote an assignment on the board, 
the extent of which was decided after the 
number of propositions to be taught had 
been carefully divided by the number of 
lectures to be given during the semester. 
Each assignment included several exer- 
cises. Frequently I would give certain 
propositions to definite members of the 
class, either as a home assignment or as a 
class exercise. These students would put 
the statement, figure, hypothesis and con- 
clusion on the board. Several would do 
this each day during the first few minutes, 
then they would give the formal proof, 
either orally or in writing. The exercises 
were dealt with similarly. If the work was 
not carefully done I would go over it 
myself. Every now and then I would ask 
the class to pass in exercises and theorems 
completely demonstrated; and, when we 
were studying the last two books, com- 
putation problems involving the pyramid, 
prism, cylinder, cone and sphere were 
given. 

This method, however, did not seem to 
fulfill the aims and objectives of solid 
geometry as I understood them. I at- 
tempted to improve the course first by 
generalizing the theorems prisms, 
cylinders, pyramids, cones, and finally on 
spheres. The next development was the 
inclusion of talks on analysis and syn- 
thesis; and, later, on converses, necessary 
and sufficient conditions, and locus. To 
these I added subsequently talks on the 
indirect method, incommensurables, and 
family trees of propositions. At the end of 
each discussion I assigned appropriate 
exercises to the class. 


on 


About four years ago I became inter- 
ested in preparing students for secondary 
school teaching, and this new interest 
greatly influenced the content of the solid 
geometry course and my method of teach- 
ing it. Solid geometry is now followed in 
the second semester by a half course, Ad- 
vanced Algebra, and a half course, The 
Teaching of Mathematics in the Second- 
ary Schools. Since most of the students in 
the last course take the other two, I have 
eliminated all duplication and have re- 
vised the solid geometry course. 

The traditional approach to solid ge- 
ometry, namely, the giving of the defini- 
tion of a plane, and axioms and postulates, 
followed by propositions on planes, is, I 
have discovered, disheartening to. stu- 
dents. They feel that solid geometry is a 
study of special configurations, such as 
a prism, and not of the properties of space, 
and they are lost, and incapable of vis- 
ualizing the course as a whole. This year 
I tried an entirely new approach, moti- 
vated by the following objectives. 

The first objective is ‘‘to exercise further 
the spatial imagination of the student 
and to give him both a knowledge of the 
fundamental spatial relationships and the 
power to work with them . . 
ment 
spatial relations and figures, in represent- 
ing such figures on paper.”’ (Quoted from 
the Report of the National Committee.) 

The second objective is to show the 
student what it is all about, that is, give 
him a view of the subject as a whole. 

As a partial fulfillment of these first 
two objectives I asked the class to con- 
struct models of the solids and models 
illustrating the different theorems. Each 
student selected any one theorem, or prob- 
lem, read up on it, constructed the model, 


. the develop- 
of greater facility in visualizing 
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brought it to class, and described it. If 
the model illustrated a theorem, the stu- 
dent gave an outline of the proof, if a 
construction, he explained it. I usually 
enlarged on this, showing the relation 
between this model and some other, where 
possible. Frequently I pointed out prac- 
tical applications. 

The class said that they enjoyed these 
first two weeks, and hoped that the new 
method would be continued. They had 
learned that the theorems in the first 
book were a necessary basis for the proofs 


Photographs of the models were taken 
and these will serve to show the theorems 
and solids illustrated. The materials used 
included ends of cartons, string, electric 
wire, knitting needles, umbrella stays, 
small, thin pieces of wood, colored paper, 
toothpicks, cardboard, airplane toys, cop- 
per wires, tin, screening, a boy’s building 
set, a salt container, and soldering wire. 
(It must be remembered that the models 
were constructed by students away from 
home. ) 


Most of the important solids were con- 





of the theorems in the last two books. 
They had got an idea of spatial form and 
spatial relationships and a bird’s-eye view 
of the whole course. 

The creator of one model tried to make 
a drawing of it and discovered that that 
was a hard thing to do. His difficulty 
motivated my talks on the technique of 
representing solid figures in two dimen- 
sions. First I gave a brief history of solid, 
projective, and descriptive geometry. | 
explained space coordinates, and had 
models constructed illustrating these. I 
tried to show the class how others, who 
meet the same problems in drawing, over- 
come them—the draftsman with his blue 
prints, and the architect with his plans of 
a house. I developed some ideas from de- 
scriptive geometry, namely, orthographic 
projection, perspective, isometric and 
oblique projection, and followed this with 
drawings and pictorial sketchings. 


structed and models were made of the 
main propositions. Two are of especial 
value—one, a model of Desargues’ Tri- 
angle Theorem, also illustrating perspec- 
tive, made of tin and soldering wires; the 
second, a model illustrating the theorem, 
“The volume of a parallelepiped equals 
the area of the base times the altitude,”’ 
made from pieces of a boy’s building set, 
and capable of manipulation to show the 
two operations involved. In previous 
years this theorem has seemed artificial to 
the class but with this model they saw 
what was actually happening and the 
theorem had a real value and meaning to 
them. 

The third objective was to show the 
class that solid geometry is a deductive 
science built up from undefined terms, de- 
fined terms, axioms, postulates and proved 
propositions. 

The fourth objective was to explain a 
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hypothetical construction and = circular 
reasoning. In previous years I have at- 
tempted to meet 
pointing them out in the textbook and 
constructing The 
slight interest but 
rather passive. This year I have at- 
tempted, with success, I believe, an en- 


these objectives by 


family trees. class 


showed a seemed 


tirely new idea. The textbook I am using 
is Solid Joseph P. Me- 
Cormack. Instead of beginning at the first 
chapter I started with proposition 8, $362, 


Geometry by 
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The proof of this construction was de- 
veloped in the same manner. The first 
foundation consisted of an assumed plane 
geometry theorem, $359 of the text, a de- 
finition and a proposition traced back in 
the construction. In tracing back $3859 it 
was discovered that the first step used 
$362, the proposition we were proving. | 
then had an excellent example of circular 
reasoning. 

We got around this difficulty of circular 
Kirst I 


reasoning In two ways. used the 





the 
“Through a given point a line perpendic- 


which is construction problem, 
ular to a given plane can be drawn.” 
Several students had made models of it 
and I developed one that could be con- 
structed before the class. We went through 
the construction several times until all 
understood it. 

We then followed the proposition back 
to its logical sources. We used the founda- 
tion plan of building and the family tree. 
We needed a postulate at once, another 
construction, a theorem not stated in the 
text, and a construction from plane ge- 
ometry, which we assumed. 

The other construction problem we 
solved and added to the foundation. The 
class thus saw the proposition traced 
back to defined terms, axioms, postulates, 
or propositions assumed from plane ge- 
ometry. 


opportunity to introduce the hypothetical 
construction and explained its use. Second, 
we rearranged the propositions and used 
$365, which meant that we had to prove 
$360 so as not to use $359. This we did 
in two ways. By this time we were familiar 
with most of book six. 

My fifth objective was to give the class 
a knowledge of analysis and synthesis 
These I explained to them, showing the 
analysis as used by Plato, and the modern 
form. The first illustrations I took from 
the theorems on proportions and the solv- 
ing of algebraic equations. 

We then listed all the construction prob- 
lems and analyzed several, leaving the 
rest for future assignments. We employed 
the analytical method on theorems and 
used it, for the most part, in the rest of 
the book, in attacking new propositions 
and exercises. 
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We examined twenty-five textbooks in 
geometry to see their use of the analytic 
method. We found only two that used it, 
but eight others made use of a procedure 
such as one of the following—plan_ of 
proof, developmental exercises, plans of 
attack and discussion. Fifteen books con- 
tained no analysis whatever. 

My sixth objective was to give the stu- 
dent a knowledge of converses, necessary 
and sufficient conditions, and locus. These 
I developed in much the same manner as 
Christofferson’s in his Geometry Profes- 
stonalized for Teachers. | explained con- 
verses, partial converses, the necessary 
and sufficient conditions for determining 
their truth or falsity, and the two for- 
mulas for determining the truth of a con- 
verse, taking examples from geometry and 
life. This pointed the way to locus and the 
four ways of proving a locus theorem. | 
demonstrated several theorems by the 
two usual methods and assigned others to 
these 
theorems to prove other locus theorems, 


the class. We then made use of 


to develop compound locus and construc- 
tion problems. 

The seventh objective was to develop a 
spirit of generalization, 


e.g.,. we con- 


structed a chart showing the types of 
solids and their relationships. The first 
subdivision of polyhedron, cylinder, cone 
and sphere we put on a parallel line, not- 
ing the similarity of the definitions, 
theorems, and formulas. The next subdi- 
Vision was that of prism, pyramid, right 
cylinder, circular cylinder, ete., and again 
we noted similarities. We continued this 
until all the solids were included. We were 
able to make a number of generalizations 
from this chart in regard to definitions, 
formulas, statement and proofs of theo- 
rems, 

The eighth objective was to compare 
plane and solid geometry. In this connec- 
tion we noted the added dimension in 
solid geometry, the different meanings of 
certain statements, e.g., the perpendicular 
to a line at a point, the distance between 
two points, ete. The triangle and tetra- 
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hedron were taken up with theorems 
concerning medians, bimedians, and cen- 
troids. The material was taken from 
Altshiller-Court’s College Ge- 


ometry and Modern Pure Solid Geometry. 


books on 
The determination of the centroid by 
calculus was called to the attention of the 
class, 

My ninth objective was to give a 
thorough explanation of indirect proof. I 
did not take this up till about two months 
after the course began. My lectures were 
based on Professor Upton’s article in the 
Fifth Yearbook of the National Council of 
Teachers of Mathematics, and Professor 
book, Profes- 


stonalized for Teachers. Twenty-five text- 


Christofferson’s Geometry 
books on geometry were analyzed to de- 
termine their attitude. We found only six 
even approaching a satisfactory attitude. 
types of 
proof, including the usual three. 


We discovered seven indirect 


1. Proving the opposite false. Here only 
two possibilities exist. 

2. Using coincidence. E.g., in proving 
that only one line satisfies a condi- 
tion, draw a second line and prove 
that it coincides with the first line. 

3. Using the method of exclusion, where 
three possibilities exist. 


I then went through the text proving 
suitable theorems by one of these three 
types of indirect method and assigning 
some to be done at home. 

The students brought to class examples 
of indirect reasoning in their recent experi- 
ences. I explained indirect or circumstan- 
tial evidence in law, and its three classi- 
fications, prospectant, concomitant, and 
retrospectant. I pointed out that indirect 
reasoning is a form of analysis. 

My tenth objective was to explain 
Mercator’s Projection and allied ideas. I 
illustrated this by a model and by an en- 
largement from a print of Mercator’s Pro- 
jection of North America. I also exhibited 
pictures of the Mapparium constructed by 
Science Organization in 


the Christian 
Boston, and maps and pictures of the 
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world and of the movements of the moon 
around the earth, etc. 

My eleventh objective was to show the 
use of algebraic proofs in some theorems. 

My twelfth objective was to point out 
the basic propositions. This I did by re- 
ferring to the text, and the report of the 
National Committee on Mathematical 
Requirements. 

My thirteenth objective was to give 
the student more practice in computation. 
This was accomplished by the mensura- 
tion problems. Some were done in class 
but more were assigned as homework to be 
passed in. 

My fourteenth objective was to make 
the work on the sphere mean more to the 
class. I have always felt that my classes 
could not visualize the geometry of the 
sphere. They might be able to deduce the 
propositions, one from another, but they 
had no clear idea of the solid figures be- 
hind them. This year we constructed 
figures on a small globe bought at Wool- 
worth’s. We used different colored rubber 
bands for ares of circles and were thus 
enabled to represent spherical figures on 
the globe. In particular, we constructed 
several polar triangles in this way. ~ 

My fifteenth objective was to give the 
class a knowledge of incommensurables. 
Here I made use of material from Christof- 
ferson’s Geometry Professionalized for 
Teachers, the April, 1934, number of The 
Mathematics and Hart and 
Feldman’s Plane and Solid Geometry. I 
took up its history, definitions of meas- 
ure, commensurable and incommensurable 
quantities. I proved that \/2 and \/5 are 
incommensurable quantities, and gave 
other examples such as logarithmic and 
trigonometric functions. Then came defi- 
nitions, the development of constant, 
variable, limit, and the necessary theo- 
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rems. I discussed the two general methods 
of proof, namely, proof by limits and by 
the use of the indirect 
texts were examined to discover their at- 


method. Several 


titude to incommensurables. 

Since giving the above course this past 
year, I have read with interest and profit 
an article in the February, 1936, number 
of The Mathematics Teacher, entitled, “A 
New Deal in Geometry,” by Mr. Shan- 
holt. I find that I have unknowingly been 
acting upon several of his suggestions. 
Next year I shall try to include more of 
his ideas, for instance, fallacies common in 
everyday reading, speaking, lecturing and 
debating, i.e., begging the question, non- 
sequitur, and reasoning by analogy. 

The following is a list of references | 
have found useful in the Solid Geometry 
Course. 

1. Solid Geometry by Joseph P. Me- 

Cormack, D. Appleton and Company. 
2. Solid Geometry by Hart and Feldman, 

American Book Company. 


~~ 


Geometry Professionalized for Teach- 
ers by H. C. Christofferson, George 
Banta Publishing Company. 
1. The Fifth Yearbook of the National 
Council Teachers of Mathematics. 
5. College Geometry by Altshiller-Court, 
Johnson Publishing Co. 
6. Modern Pure Solid Geometry, by Alt- 
shiller-Court, Macmillan. 
7. Descriptive Drawing by Anthony and 
Ashley, D. C. Heath and Company. 
8. Engineering Drawing by French, Me- 
Graw-Hill Book Company. 
9. The Mathematics Teacher, Vol. XVII. 
(1924) no. 8, Vol. XVIII (1925), no. 
1, Vol. XIX (1926) no. 7, Vol. XXVI 
(1933) no. 3, Vol. XX VII (1934) no. 
4, Vol. XXIX (1936) no. 2. 
10. A Short History of Mathematics by 
Sanford, Houghton Mifflin Company. 





Make your plans now to attend the Nineteenth Annual Meeting of the National 
Council of Teachers of Mathematics at Atlantic City, N. J. on February 25th and 
26th, 1938. Headquarters at the Hotel Traymore. 
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Geometry and Life 
By KENNETH B. LEISENRING 


Pickwick Dam, Tenn. 


IN THE general criticisms to which the 
secondary mathematics curriculum — is 
being subjected the demonstrative geom- 
etry course is getting the 
roughest handling. Its position is some- 


perhaps 


times made to appear to have little but 
tradition to support it, and its defenders 
have sometimes resorted to arguments 
which have given weight to this appear- 
anee, 

Many teachers love the course for 
wholly unselfish reasons. They know its 
impersonal beauty to be a refuge from 
much vulgar confusion. They see students 

a few —blossom out as they discover of 
what niceties their own minds are capable. 
These teachers are likely to be found de- 
fending the course with any arguments 
at hand, for the world is too rough for 
these delicate reasons. The professional 
mathematicians, who have had something 
to do with the high school set-up, see the 
course as an ideal threshold to the mag- 
nificent edifice which they inhabit and 
cherish so devotedly. ‘‘What of the future 
of our civilization if we are to eall into 
question the discipline which has been the 
very soul of its progress?’”’ There is no 
lack of sincerity among the defenders of 
our citadel. 

But the enemy speak an awkward lan- 
guage. They want to know how the course 
is “functionally related to life.” And in 
academic circles these days “life” is taken 
to include a good deal more of the clamor 
and struggle of the going world than used 
to be the case. 

We ponder this situation. We answer, 
“The mathematics curriculum is dedi- 
cated to the mastery of the quantitative 
elements in our experience of time, space, 
and things—and”’ (in a lower tone) ‘“‘to 
the development of a few future mathe- 
maticians. Are not these purposes related 
to life?” 


They reply with the following tirade: 
“But geometry does not even pretend 
to be an attempt to master the actual 
spatial experience of the student. Its ap- 
proach is abstract. It deals not with the 
elements of sensory experience but with 
ideal elements created by the mind. The 
points and lines of geometry are perfect, 
and the relations between them which it 
explores are the invariant and inescapable 
consequences of arbitrary logical assump- 
tions. These assumptions are not, to be 
sure, unrelated to the real world, or geom- 
etry would be nothing but a remarkably 
systematic set of puzzles. But unfortu- 
nately, due to its abstractness, it is in its 
psychological effect little more than that 
to a great many students. Only a small 
fraction of the content is of enough ob- 
vious use to the student to transfer im- 
mediately to the world which he thinks of 
as ‘real.’ The course gets its student sup- 
port only from the small, capable group 
who enjoy its logical refinements and the 
recognition they get out of being good at 
it. In this group, mostly unknowing, are 
your future mathematicians. Under these 
circumstances how can you teach the 
course frankly, to those who now take it, 
for either of your stated purposes of school 
mathematics?” 

This has some substance—it has its 
effect. There appears more intuitive geom- 
etry in junior high mathematics. We 
introduce some trigonometry. We psy- 
chologize our textbooks until the course 
becomes almost ridiculously easy for those 
who have a flair for it. We increase the 
practical exercises (but the student. still 
has to be told they are practical.) We say 
geometry is really a course in logic; that 
it teaches people how to think better than 
do other subjects. ‘We must teach for 
transfer’; and “transfer”? comes to cover 
and more ground, 
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From his balcony the research mathe- 
matician frowns down upon us. He won- 
ders what is wrong with teaching Mathe- 
matics. From another, the psychologist. 
He objects to the very idea of “transfer 
of training.” 

Then in the midst of our confusion 
“But it is history that geometry has in- 
fluenced human thinking. Bertrand Rus- 
sel says that mathematics is all proposi- 
tions of the form ‘P implies Q.’ Why not 
teach the course as conscious experience 
in reflective thinking, centered in geom- 
etry, but 
lems? The high school does not exist for 


bringing in all sorts of prob- 


the university, it exists for its students. 
As for transfer, if we make it ourselves 
there can be no question about it.”’ 

This proposal, in more or less modest or 
extreme form, is gaining both serious and 
naive exponents. Due, perhaps, to the 
current spotlight on social problems there 
is a strong temptation to stake out a claim 
that the thus rebuilt geometry can be of 
service even here. Service, that is, not 
merely in a mathematical way, but as a 
sort of preconditioner of the mind to : 
general 


_— 


rational making it 
logic-conscious, so to speak, and then 
further, giving it a pattern of attack. 
When stated with sufficient care, the idea 
may seem fairly plausible. In fact the 
literature contains frequent references to 
it as a proper subject for research and 
experiment. 

There are, however, some aspects of it 
which seem rather to call for critical dis- 
cussion. In assessing its net value we must 


approach, 


take into account such things as the prob- 
able expense to the strictly mathematical 
value of the course, the possibilities in 
alternative revisions of the course, (such 
as a more empirical attack upon broadly 
defined spatial experience), and the com- 
petence of geometry teachers in the indi- 
cated direction. 

But we must also consider an elemental 
and difficult question about life itself; 
namely, what part is actually played in it 
by overtly rational thinking. As mathe- 


maticians, we are somewhat likely to be 
about this. Those think in 
functional terms will say, “The thing 


naive who 
that must be taught is rational living, not 
rational thinking. Classroom logic, even 
about social problems, is a dead letter.” 
If we are to be ruthless with ourselves we 
must go on to ask if this ideal of rational 
living is ultimate. There are factors in 
social situations which cannot be brought 
under What is) their 
relative importance compared with those 
which can be? 


rational control. 


Furthermore, the term “rational think- 
ing” cuts a wide swath. Can any course 
which is centered in geometry actually 
give experience in anything other than 
essentially deductive thinking? If not, how 
serious is this limitation? 

The present paper is a tentative and 
speculative attempt to think about the 
above proposal in the general area of the 
above questions. It does not pretend to 
answer them. My results will appear nega- 
tive, but I believe that the most needed 
emphasis at present is upon the limita- 
tions rather than the possibilities of our 
idea. We cannot appear indifferent to these 
limitations without indicting our sincerity. 

We may begin by considering briefly 
the“argument from history.” 

Kuclidean geometry is a gift of the 
Greeks, and its intellectual-cultural im- 
portance to them cannot be questioned. 
But it is well to.remind ourselves how 
different was their world from ours. Lack- 
ing as they did the fundamental concept 
of inertia, they were unable to under- 
stand clearly some of the simplest cause 
and effect relationships of the external 
world. Their unfortunate attempts to ex- 
plain free motion are sufficient illustration 
of their fundamental bewilderment. Ac- 
cording to Aristotle, for example, a ball 
thrown through the air was kept in mo- 
tion by the force of the air rushing in be- 
hind it. 

But the Greek intellect was eager for 
understanding, and abundantly capable 
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of refined thought. We can easily imagine, 
therefore, that the clarity and consistency 
of demonstrative geometry possessed for 
it a unique beauty that must have been 
dazzling. The axioms were true a priort, 
the theorems inevitable logically and veri- 
fiable experimentally, a thrilling combina- 
tion. Geometry became established as a 
prime example of the power of deductive 
thought. This brilliant suecess had much 
influence upon the intellectual efforts of 
later centuries, influence both good and 
bad. For the suecess here of the axiomatic 
method is one reason for its protracted use 
in fields in which inductive, experimental 
methods were long overdue. Historically, 
at any rate, it cannot be said that there 
has been no transfer of training from 
geometry. 

The point of importance here, however, 
is that it was in the days before the 
modern world was born that it earned its 
intellectual prestige ; it trails its clouds of 
glory from the pre-scientifie era. This 
fact in itself gives the high school course 
a certain extrinsic value. As a cultural 
ambassador from an ancient day Euclid 
has surely earned the right to remain with 
us, and this course serves to keep him alive. 

But if Euclid has survived—to con- 
tinue the figure—he has not escaped alto- 
gether the effects of time and change. In 
ways which we may enumerate his cul- 
tural prestige has been diminished: 

1. From the point of view of meta- 

physics the prestige of geometry has 

suffered by the collapse of the old 
theory (it was given final form by 

Kant) that the axioms and _ postu- 

lates represent truth given to the 

mind a priori. Due to the develop- 
ment of non-Euclidean geometries 
these assumptions are now con- 
sidered merely arbitrary. Whether 
the real world is Euclidean or non- 

Euclidean is an experimental ques- 

tion. 

2. As exhibiting a method of practical 
logic it has suffered relatively by the 
successes of inductive methods. 


3. Psychologically, as an awakener of 
the mind to the power of reason, it 
suffers from the fact that the ex- 
ternal world which we inhabit has, 
since Newton, come to exhibit in its 
gross physical aspects a rational 
harmony and perfection of dynamic 
causal relationships more intrinsi- 
cally significant than the beautiful 
but static perfection of Muelid. 

1. (At a less intellectual level.) The 
modern high school student lives in 
an atmosphere of practical under- 
standing and control over nature 
vastly different from anything 
known in simpler centuries. The stu- 
dent practical enough to know the 
general internal structure of a motor 
car is already familiar with a func- 
tionally designed relationship — of 

parts more complicated than any- 
thing he will find in the geometry 
course and, to his mind, requiring 
more cleverness to work out. By this 
and countless other practical tri- 
umphs of science he is already con- 
ditioned to finding the world reason- 
able. Geometry may still be dif- 
ficult for him because it is abstract 
and, to him, artificial. To many stu- 
dents, we know well enough, it actu- 
ally seems trivial. 

It is clear that if we have a lively sense 
for cultural developments we must con- 
tinue to discount the survival value that 
is attached to the curriculum of antiquity. 

If we take into account the total prob- 
lem of education the only aim we can 
even tentatively accept for our proposal 
is that it should contribute to rational 
living, social or individual. And if we 
take into account the pedagogical circum- 
stances in which it must operate its prob- 
able contribution here would seem to be 
severely limited. For it ignores the prin- 
ciple of organic personal development. We 
do not face living problems with our aca- 
demic heads, we face them as persons. 
Suppose we have determined that even so 








it is our heads which should play the 
major role, analyzing and rationalizing 
our way through rather than jumping to 
emotionally hopeful, or disastrous, con- 
clusions. Then we have but a poor under- 
standing of ourselves if we choose this 
place to ignore the precept that we learn 
only by doing. For the more a desired 
habit involves the disciplining of funda- 
mental irrational impulses the more true 
this precept is. 

We do not nearly so often try to be 
reasonable and fail for lack of logic, as we 
try to be wise in the interests of ourselves 
or our group, and simply ignore logic. This 
situation may not be an unmitigated evil. 
In any case it can only be attacked by 
giving the student the actual experience 
of voluntarily accepting reason in place 
of his emotionally felt self-interest. And 
this must be a function of his definitely 
socialized activities. The logical atmos- 
phere of mathematics is too abstract and 
emotionally neutral; it has no bite. 

Since non-rational factors so largely de- 
termine our social attitudes let us try to 
give them their due weight; we do not 
thereby rule reasoning out as of no im- 
portance. Of course it is not true that the 
elements of experience present themselves 
to us as distinct factors. Thinking-by- 
implication is in some degree an intimate 
part of any experience involving any 
mental activity at all. But in this discus- 
sion ‘rational thinking’ means that which 
makes overt use of logical relationships 
—it is this overt use which is practiced 
in geometry. 

Given a social problem, then, it seems 
hardly debatable but that our scale of 
values (based upon our urge for recogni- 
tion, security, sense of group solidarity 
and the like) and our capacity for what is 
commonly called social insight, will affect 
our handling of it more than will our 
capacity for carefully logical thought, 
granted of course that we are natively 
able enough in this regard to compre- 
hend geometry. Perhaps some of our 
values are contradictory, or definitely 
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anti-social (social mindedness is not 
merely an altruistic virtue, it is sometimes 
a necessary condition for the solution of a 
personal problem), perhaps our insight is 
shallow. How can 
help us? 


any training in logic 


Perhaps theoretically our contradictory 
values might be straightened out by a 
little rational reflection, but in practice 
values are the last thing we will subject to 
cold reason. They are integral with our 
self-interest and rational processes are ap- 
plied to them only to justify them—to 
rationalize them, as we say. Desirable re- 
vision of values takes place not often as a 
result of becoming reasonable, but as a 
result of becoming sensitive to the values 
of others. Fortunately it is more impor- 
tant that we be socially-minded than that 
we be in this regard, consistent. 

The kind of insight that is most socially 
valuable is the product of nothing but 
high grade social experience combined 
with a flair for realism. It is an intuitive 
grasp of the 
forces, power of 


inner character of social 


mechanically exact 
thought contributes very little to it. 

In fact the language of creative social 
understanding does not meet the first re- 
quirement of exact logic, for its important 
terms are not uniquely defined. They have 
many meanings, and carry continually 
changing undertones and overtones of 
meaning which are never completely for- 
malized. This is true not only of great 
words like democracy but of many lesser 
terms as well. But this is not a calamity, 
because here again a superficial consist- 
ency is not the important thing. The truly 
important thing is that we be aware of the 
social realities which have produced, and 
will produce, the only real meanings our 
terms have—the meanings which are re- 
created daily in the lives of people. 

There are minds with a flair for seeing 
the abstract implications in all sorts of 
propositions. This has its uses but is a 
different thing from social insight and 
may be socially barren. There is a certain 
competent but 


humorless professor of 
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mathematics who makes a hobby of giving 
serious lectures in which he asserts the 
possibility of reducing the qualitative 
elements in religion and esthetics to a 
quantitative basis. ‘We will some day 
judge a poem by counting the units of 
beauty in each line.’ This is a good eari- 
cature of the sort of folly a logical mind 
can commit when it is lacking in depth of 
insight. And it is common knowledge that 
men who have distinguished records in 
the exact sciences frequently make a 
slovenly appearance when they pronounce 
themselves in fields where the exactions 
are of a different character. 

It is often ignored that the generally 
deductive character of geometry makes it 
seriously deficient as a model for logical 
attack on general problems. A person edu- 
cated to careful thinking must hesitate to 
draw conclusions upon inadequate data, 
and must be always conscious of the ten- 
tative and vulnerable character of gen- 
eralizations. Geometry cannot be the 
place to learn either of these virtues, for 
in geometry there are no data and the gen- 
eralizations are completely true. The- 
orems are not based upon the accumula- 
tion of isolated instances. We may try to 
lead into a theorem inductively but what 
we induce, upon very small (but sufficient) 
evidence, is simply the idea that tehre 
may be such a theorem. The proof comes 
elegantly from our earlier assumptions. 


If there was a time when many of life’s 
problems could be solved by a somewhat 
similar appeal to the major premises of 
authoritative dogma, our case today is 
very different. For our salvation we must 
plunge into a near chaos of dying and 
fighting and evolving more and theories 
and institutions. The conflicts that have 
us by the ears are not of logic but of 
major premises themselves, the head on 
clashing of emotional values and belliger- 
ent interests. In this melee effective 
thinking must have its roots in facts of an 
utterly different character from those with 
which geometry deals. And it must deal 
with thesefacts ina radically different way. 

To conclude The proposal we have been 
discussing grows out of the defensive posi- 
tion of the geometry course. Mathematics 
is not on the decline in our civilization and 
therefore need not be on the defensive in 
our schools, unless the schools are hope- 
lessly out of gear with the society that 
supports them. If the classical course in 
geometry is losing in mathematical impor- 
tance to those who now study if then thai 
fact must be and can be dealt with di- 
rectly. The social importance of all mathe- 
matics, as distinct from its intellectual- 
cultural importance, depends upon noth- 
ing else than the putting of it to definitely 
social uses. This is our challenge, but the 
proposal to make geometry a course in 
general thinking does not represent a 
realistic acceptance of it. 
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A New Committee on Arithmetic 


By R. L. Morvron 
Ohio University 


In February, 1930, the National Society 
for the Study of Education presented its 
well known Twenty-ninth Yearbook at 
the annual meeting which was held that 
year at Atlantic City. The Twenty-ninth 
Yearbook contains in some seven hundred 
pages the report of the Society’s Commit- 
tee on Arithmetic. There is much valuable 
material in the Twenty-ninth Yearbook. 
Part I devotes six chapters to ‘Some As- 
pects of Modern Thought on Arithmetic.” 
Part I] reports in 14 chapters a series of 
research studies in arithmetic. There is no 
doubt that this yearbook has had a large 
influence on the construction of courses of 
study and the writing of textbooks. Also, 
supervisors and teachers who read the 
yearbook have reflected its influence in 
teaching practices. However, as the Re- 
viewing Committee points out in its 29 
page Critique, emphasis in the yearbook 
is largely upon the computational func- 
tion. Little attention is given to other 
functions of arithmetic instruction, no- 
tably the informational function, the so- 
ciological function, and the psychological 
function. Furthermore, the research 
studies quite naturally include what the 
Committee was able to collect and do not 
cover the subject at all completely. 

In February, 1935, the National Coun- 
cil of Teachers of Mathematics published 
its Tenth Yearbook, The Teaching of 
Arithmetic. This yearbook was the subject 
of much favorable comment at the meet- 
ing of the Council held that month at At- 
lantic City. This yearbook, in some three 
hundred pages, presents in 13 chapters a 
series of topics on important aspects of 
arithmetic teaching. Although these chap- 
ters are quite independent of each other 
and do not pretend to give a unified and 
complete treatment of the many prob- 
lems pertaining to the teaching of arith- 
metic, they do present and stress points 


of view which are vitally important in a 
well organized program of arithmetic in- 
struction. Prominently featured are such 
matters as psychological considerations in 
the learning and teaching of arithmetic, 
arith- 
metic, arithmetic in an activity program, 


informational arithmetic, social 
the problem of transfer, the mathematical 
viewpoint in the teaching of arithmetic, 
and the like. The most eloquent testimony 
of the worth of this yearbook to the 
ceachers for whom it was prepared is the 
simple statement that the edition was 
soon completely sold out. A new edition 
has since been printed. 

In recent years, The National Council 
of Teachers of Mathematics has given 
considerable attention to arithmetic in its 
programs. At Detroit in June, 1937, for ex- 
ample, one entire program was made up 
of addresses on important issues in arith- 
metic teaching. Another program, devoted 
wholly to arithmetic, is now being pre- 
pared for the Council’s meeting at Atlan- 
tic City in February, 1938. 

At the Atlantic City meeting in Febru- 
ary, 1935, the writer read a paper entitled 
“A Proposed National 
Arithmetic.” In this paper! it was pointed 


Committee on 


out that there are yet many questions 
pertaining to arithmetic teaching to which 
research has not provided answers, that 
there is a need for some agency to co-ordi- 
nate research and to stimulate and direct 
further research, and that such an agency 
make definite 
the guidance of 


should not hesitate to 
recommendations for 
teachers on matters which are not covered 
by experimental research. Such recom- 
mendations would be tentative, of course, 
and would be in harmony with what seems 
to be good theory and sound psychology. 

It would be presumptuous to assume 


1 Published in The Mathematics Teacher, 
XXVIII: 473-476, December, 1935. 
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A NEW COMMITTEE ON ARITHMETIC 


that the recently created Committee on 
Arithmetic of the National Council owes 
its origin to this paper. The paper did 
start a good many persons to thinking and 
talking about the importance of having 
such a committee and what service the 
committee might render but other influ- 
ences were also at work. Chief among 
these was the Joint Commission of the 
National Council of Teachers of Mathe- 
matics and the Mathematical Association 
of America on ‘The Place of Mathematics 
in Secondary Education” which is de- 
scribed in the October (1937) issue of The 
Vathematics Teacher. It became apparent 
to the members of this Commission that 
no satisfactory mathematics program can 
be developed in the secondary school ulh- 
less the pupils have experienced sound and 
thorough instruction in arithmetic in the 
elementary school, 

Whoever or whatever may have been 
National 
Teachers of Mathematics has authorized 


responsible, The Council of 
the appointment of the Committee on 
\rithmetic. The board of Directors at 
Chicago, February 19, 1937, voted to form 
the Committee and to provide for its budg- 
et of estimated minimum expenses, 
There are 13 persons on the Committee. 
They are: H. Ek. Benz, Ohio University; 
Ii. A. Bond, State Teachers College, Bel- 
lingham, Washington; William A. Brown- 
ell, Duke University; Leo J. Brueckner, 
University of Minnesota; G. T. Buswell, 
University of Chicago; C. L. 
Denver Public Schools; 


Cushman, 
Paul R. Hanna, 
Stanford University; Julia Hodgson, Pea- 
body College for Teachers; Lorena B. 
Stretch, Baylor University; B. A. Sueltz, 
State Normal and Training School, Cort- 
land, New York; C. L. Thiele, Detroit 
Publie Schools; H. G. Wheat, University 
of West Virginia; and R. L. Morton, Ohio 
University, Chairman. 

The Committee held its first meeting at 
Detroit, June 27, 1937. There was an 
afternoon and an evening session totaling 
five hours. Much time was spent in dis- 
cussing basic points of view as to the place 


of arithmetic in the curriculum of the ele- 
mentary school, particularly the lower 
grades, and theories of arithmetic instrue- 
tion. The committee members found them- 
selves to be in essential agreement as to 
general principles and major issues. 

It seemed to the members of the Com- 
mittee that this matter of basic points of 
view is of such importance than an effort 
should be made to formulate a statement 
of points of view or theses upon which 
there is essential agreement and that this 
statement should be printed and made 
Mach 


member of the Committee was instructed 


available to interested persons. 
to submit a statement of the basic points 
of view to which he was willing to sub- 
scribe. Each committee member was also 
instructed to prepare a list of questions on 
the place of arithmetic in the course of 
study and the teaching of arithmetic 
which represent important issues and to 
A sub- 
committee, consisting of Mr. Buswell, 
Mr. Thiele, and Mr. Morton, was in- 
structed to compile a master list of points 


which answers should be sought. 


of view and questions from the lists sub- 
mitted and to edit this material for publi- 
cation. This sub-committee will meet in 
Chicago in November. 

The Committee on Arithmetic solicits 
suggestions and criticisms. The chief pur- 
pose of the Committee in publishing a 
statement of points of view and a list of 
questions is to direct the attention of in- 
terested persons toward the Committee 
and its plans, as well as toward issues in 
arithmetic teaching, and to. stimulate 
such persons to criticize the plans and to 
offer further suggestions. 

The Committee would also like to know 
where research on arithmetic is under way 
and would like the privilege of getting the 
results of investigations as rapidly as they 
are available. Persons interested in under- 


taking studies are also requested to get in 
touch with members of the Committee. 

The next meeting of the Committee on 
Arithmetic will be held at Atlantie City in 
February, 1938. 








Random Notes on Geometry Teaching 


By Harry C. BARBER 


Note 2 
The Aim of Geometry 


A GREAT philosopher! has said that we 
should teach school subjects so as to yield 
ideas that illumine great areas of human 
experience. 

Note 1 found the justification of second- 
ary school geometry in the unique oppor- 
tunity it affords for the development of 
the scientific attitude of mind. This is an 
idea or 
lumines as great an area of human experi- 
ence as any idea known to man. 

To fix these ideas and this attitude in 
the minds of young people is both difficult 
and important; and, as is frequently true 


a small group of ideas which il- 


in such cases, it is accomplished by means 
of educational material which, while it is 
very well adapted to this purpose, yet is 
very simple. 

Plane geometry aims at the establish- 
ment of the measurement facts. Its task is 
the comparatively simple one of begin- 
ning with a group of assumptions, defini- 
tions, and undefined terms, and from them 
proving the statements needed for the 
measurement of the ordinary geometric 
figures,—statements upon which all can 
agree. 

Now if the study of geometry is to ac- 
complish what we want it to for the mind 
of the learner, this measurement aim must 
be made clear at the outset and kept in 
mind throughout the course. Otherwise 
geometry is likely to appear a more or less 
aimless succession of theorems, all practi- 
cally on a par and not leading anywhere 
in particular: and since the learner does 
not understand the aim, he misses the 
point, and fails to see that a science is de- 
veloping right before his eyes. 

Unfortunately our customary Legendre 
order of theorems is not an order that 
keeps the measurement aim of geometry 


1 Alfred North Whitehead. 
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before the mind of the pupil. It has be- 
come cluttered up with side-issue theo- 
rems which are off the main line of the 
argument, and it arrives very late at the 
simple familiar formulas for rectilinear 
areas which the pupil would rightfully ex- 
pect to find early in his study of measure- 
ment. 

For this Legendre order of theorems we 
ought to substitute an order which ad- 
heres as closely as possible to the main 
line of argument. Theorems which are not 
on this main line we ought to discard o1 
relegate to the status of originals. 

Such an order would be somewhat as 
follows. First a discussion of the measure- 
ment of distances and angles. They can be 
measured directly, that is, by the super- 
position of a unit upon the thing to be 
measured. Such measurement requires, ot 
course, no theorems. On the other hand 
distances and angles are often measured 
indirectly, and ares and areas are always 
so measured. Consequently theorems are 
needed to justify these measurements and 
to show us how to go about them. 

Our 
directly to the area formulas, and the be- 


first theorems should then lead 
ginner should understand that his intro- 
ductory theorems are necessary prelimi- 
naries to the proofs of the formulas for the 
measurement of areas. 

Next we come to similarity where we 
learn what happens to our measurements 
when the figures change in size but not in 
shape. This problem of relative size is a 
fascinating one and we ought to make bet- 
ter use of it in school than we sometimes 
do. Both similarity and the Pythagorean 
theorem give us powerful and useful 
means of indirect measurement. 

Finally we arrive at the circle; first 
lines and angles in circles, and last the 
measurement of circumference and area 
which is the culmination of the course. 

If we are going to use geometry to ex- 
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hibit what a science is, how it grows, and 
is made, we should 
surely make the measurement aim clear 


how its argument 


at the outset, reclarify this aim frequently, 

and follow a line of reasoning which ecar- 

ries it out as directly as possible. 
Geometry’s proofs cannot be completed 
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with rational numbers; irrationals are nec- 
essary. Next to the ideas about science 
which we have been referring to above, 
this fact is the most important outcome 
of the study of geometry. Just what part 
irrationals ought to play in our teaching 
is a question that will bear further study. 
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Nineteenth Annual Meeting of the National Council 


THE annual meeting of the National 
Council of Teachers of Mathematics will 
be held at the Traymore Hotel, Atlantic 
City, New Jersey, on February 25 and 26, 
1938. 

The complete program will appear in 
a later number of THe MATHEMATICS 
Teacuer. At this time we are announcing 
the 
Saturday, February 26, from 
1:45. 

At our Chicago meeting the discussion 
luncheon popular. There 
have been many requests for another at 
Atlantic City. It is the chief purpose of 
this luncheon to provide added oppor- 


Discussion Luncheon to be held on 
11:45 to 


proved very 


tunity for discussion and for interchange 
of ideas. At each table, ten people will 
spend their time eating and discussing 
the topic assigned to that table. 

If you wish to attend this luncheon and 
wish to be certain of a reservation for one 
of the topics listed below, please send your 
name, your first, second and third choice 
in topics and a check for $1.40 (which 
includes return postage and tips) to Pro- 
fessor EK. H. Hildebrant, New Jersey 
State Teachers College, Montelair, New 
Jersey. He will send your ticket with a 
notation of the topie and table number 
for which your reservation has been made. 
Reservations will be filled in the order in 
which they are received. Please do not 
delay for it will be impossible to place you 
at tables that are already filled. The dis- 
cussion leaders and their topics are: 


William Betz, Rochester, New York: 
Remedial arithmetic work for ninth grade 
classes. 

ki. R. Breslich, Chicago, Illinois: Topic 
to be announced. 

H. C. Christofferson, Oxford, Ohio: 
Geometry, a way of thinking. 

J. W. Colliton, Trenton, New Jersey: 
Mathematies for gifted pupils. 

Harold Fawcett, Columbus, Ohio: The 
nature of proof. 

H. Gray Funkhouser, Exeter, New 
Hampshire: Use and procurement of sup- 
plementary materials. 


L. D. Haerrter, St. Louis, Missouri: 
Desirable qualities which the study of 
mathematics can develop. 

M. L. Hartung, Columbus, Ohio: What 
are some promising methods of teaching 
for transfer. 

G. H. Jamison, Kirksville, Missouri: 
The development of curiosity as an incen- 
tive to further mathematical study. 

Amanda Loughren, Elizabeth, New 
Jersey: Need for the continuity of in- 
struction in arithmetic during the seeond- 
ary school period. 

Joy Mahachek, Indiana, Pennsylvania: 
How has the recent tendency in grade 
placement of topics in the elementary 
school affected mathematics in the ele- 
mentary school. 

Virgil Mallory, Montelair, New Jersey 
Caleulus and analytic geometry in high 
school and its implications. 

Joseph P. MeCormack, New York City: 
Making ninth year mathematics transfer 
to life. 

Frank W. Morgan, Hanover, New 
Hampshire: The teaching of plane geome- 
try. 

Mary Potter, Racine, Wisconsin: Prac- 
tical uses of mathematics we have dis- 
covered in our town, 

Carl Schuster, Trenton, New Jersey: 
Approximate computations in high schoo! 
mathematics. 

Joseph  Seidlin, 
What is wrong 
geometry. 

Rolland R. Smith, Springfield, Massa- 
chusetts. Preparing for the alpha, beta, 
gamma examinations of the College En- 
trance Examination Board. 

C. Newton Stokes, Philadelphia, Penn- 
svlvania: Methods of teaching for reten- 
tion. 

Ben A. Sueltz, Cortland, New York: Al- 
gebraic thinking in the elementary school 

Kthel Sutherland, New York City: The 
grade placement of topics in arithemtic for 
the elementary school. 

C. B. Upton, New York City: Modern 
business arithmetic as a cultural subject 
in grades 7 to 9. 

Edith Woolsey, Minneapolis, Minne- 
sota: How much algebra shall we teach in 
a ninth grade course of every day mathe- 
matics. 

F. L. Wren, Nashville, Tennessee: The 
concept of dependence in the teaching of 
geometry. 
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ri: Official Notice 


of 
As SECRETARY of the National Council of Teachers of Mathematics, I 
at officially announce the annual election of certain officers of the National 
ng Council, said election to take place at Atlantic City, New Jersey, on Satur- 
day, February 26, 1938. Article II] Section 7, of the by-laws states: “At 
ri: least two months before the date of the annual meeting, all members shall 
n- be given the opportunity through announcement in the official journal to 
suggest by mail for the guidance of the directors a candidate for each elec- 
OW tive office for the ensuing year. At least one month before the annual meet- 
in- ing the secretary of the board of directors shall send to each member an 
id- official ballot giving the names of two candidates for each office to be filled. 
These candidates shall be selected by a nominating committee of the board 
in: of which the secretary shall be chairman. The election shall be by mail or 
de in person and shall close on the date of the annual meeting.” 
ry At the Detroit meeting, 1931, of the National Council, the nominating 
le- committee consisting of the two most recent ex-presidents and the secretary 
as chairman (for this year: ,William Betz, J. O. Hassler, and Edwin W. 
ey Schreiber), was instructed to prepare a primary ballot suggesting five eligible 
gh candidates for each elective office. The officers to be elected at the Atlantic 
City meeting are: President, 1938-40, Second Vice-President, 1938-40, and 
Ly: three directors, 1938-41. 
fer The periods of service of the officers of the National Council, from its 
organization in 1920 to the present time, are given on the following page. 
CW Kipwin W. ScHREIBER, Secretary 
1e- 
AC= 
lis- 
y: 
pol . . 7 
Official Primary Ballot 
rk: The National Council of Teachers of Mathematics 
ch Atlantic City Meeting, February 26, 1937 
For President, 1938-40 (Vote for Two) 
Si- ( ) Christofferson, H. C. ( ) Congdon, Allan R. ( ) Rorer, J. T. 
ta Oxford, Ohio Lineoln, Nebr. Philadelphia, Pa. 
.. ’ ( ) Potter, Mary A. () Woolsey, Edith | 
- Racine, Wis. Minneapolis, Minn. 
For Second Vice-President, 1938-40 (Vote for Two) 
n= ( ) Booher, Eleanor ( ) Herbert, Agnes ( ) Lane, Ruth 
Cl- Oak Park, Ill. Baltimore, Md. lowa City, Ia. 
t 3 Seidlin, Joseph ( ) Wren, F. L. 
Al- Alfred, N. Y. Nashville, Tenn. 
ol. For Members of the Board of Directors, 1938~-41 (Vote for Six) 
‘he ( ) Adkins, J. B. ( ) Farnam, Laura M. ( ) Morgan, Frank M. 
for Providence, R. I. Minneapolis, Minn. Hanover, N. H. 
( ) Anderson, Amanda E. ( ) Keighley, L. Denzil ( ) Neal, Beatrice 
Omaha, Nebr. Denver, Colo. Hartfort, Conn. 
ern ( ) Atherton, C. R.- ( ) Hartung, M. L. ( ) Philbrick, Verna B. 
ect New York, N. Y. Columbus, Ohio Detroit, Mich. 
( ) Beck, Hildegarde R. ( ) Lidell, B. W. ( .) Sheesmith, Beulah I. 
Detroit, Mich. Atlantie City, N. J. Chicago, IIl. 
ne- ( ) Bell, Kate ( ) Mitehell, U. G. ( ) Smith, R. R. 
bin Spokane, Wash. Lawrence, Kansas Springfield, Mass. 
he- Members will please mark this ballot immediately and mail same to Edwin W. 
Schreiber, Secretary, 719 West Adams Street, Macomb, Illinois. Kindly place your name 
The and address on the outside of the envelope. If you prefer to make a copy of this ballot on 
al a separate sheet of paper it will be acceptable. 


























The National Council of Teachers of Mathematics 


Organized 1920 


Incorporated 1928 


Periods of Service of the O flice rs of 
the National Council 


Honorary Presidents 


*H. E. Slaught, Chicago, IIl., 1936-1937 


Presidents 


C. M. Austin, Oak Park, IIl., 1920 

J. H. Minnick, Philadelphia, Pa., 1921 

Raleigh Schorling, Ann Arbor, Mich., 
1925 


Marie Gugle, Columbus, Ohio, 1926-1927 


1923 
1924 


Harry C. Barber, Exeter, N. H., 1928 1929 
John P. Everett, Kalamazoo, Mich., 1930-1931 
William Betz, Rochester, N. Y., 1932-1933 


J. O. Hassler, Norman, Okla., 1934-1935 
Martha Hildebrandt, Maywood, IIl., 1936 


1937 


Vice-Presidents 


H. O. Rugg, New York City, 1920 

E. H. Taylor, Charleston, IIl., 1921 

Eula Weeks, St. Louis, Mo., 1922 

Mabel Sykes, Chicago, IIl., 1923 

Florence Bixby, Milwaukee, Wis., 1924 
Winnie Daley, New Orleans, La., 1925 

W. W. Hart, Madison, Wis., 1926 

C. M. Austin, Oak Park, Il., 1927-1928 
Mary S. Sabin, Denver, Colo., 1928-1929 
Hallie S. Poole, Buffalo, N. Y., 1929-19380 


W.S.Schlauch, New York City, 1930 1931 
Martha Hildebrandt, Maywood, Ill., 1931 
Mary A. Potter, Racine, Wis., 1932-1933 
Ralph Beatley, Cambridge, Mass., 1933-1934 
Allan R. Congdon, Lineoln, Nebr., 1934-1935 
Florence Brooks Miller, Shaker Heights, Ohio 
1935-1936 
Mary Kelly, W ichita, Kansas, 
John T 


1932 


1936 
1937 


1937 


Johnson, Chicago, IIb, 1938 


Secrelary-Treasurers 


J. A. Foberg, Chicago, IIl., 1920-1922, 1923 
1926, 1927, 1928 (Appointed by Board of 
Directors) 


Edwin W Schreiber, 
Macomb, IIl., 1929 
of Directors) 


Ann Arbor, Mich., and 
Appointed by the Board 


Committee on Official Journal 


John R. Clark, Editor, 1921 
W. D. Reeve, Editor, 1928 
Vera Sanford, 1929 


1928 


H. E. Slaught, 1928-1935 


W.S. Slauch, 1936 


Directors 


Marie Gugle, Columbus, Ohio, 1920-1922, 1922, 
1928-1930, 1931-1933 

Jonathan Rorer, Philadelphia, Pa., 1920-1922 

Harry Wheeler, Worcester, Mass., 1920-1921 

W. A. Austin, Fresno, Cal., 1920-1921 

W. D. Reeve, Minneapolis, Minn., 1920, 1926 
1927 

W. D. Beck, Iowa City, Iowa, 1920 

Orpha Worden, Detroit, Mich., 
1924-1927 

C. M. Austin, Oak Park, Ill., 1921 
1927, 1930-1932 

Gertrude Allen, Oakland, Cal., 1922-1924 

W. W. Rankin, Durham, N. C., 1922-1924 

Eula Weeks, St. Louis, Mo., 1923-1925 

W.C. Eells, Walla Walla, Wash., 1923-1925 

*Harry English, Washington, D. C., 1925-1927, 
1928-1930 

Harry C. Barber, Boston, Mass., 
1930-1932, 1933-1935 

*Frank C. Touton, Los Angeles, Cal., 1926-1928 

Vera Sanford, New York City, 1927-1928 

William Betz, Rochester, N. Y., 1927-1929, 
1930-1931, 1934-1936, 1937-1939 

Walter F. Downey, Boston, Mass., 


1921-1923, 


1923, 1924 


1925-1927, 


1928-1929 
* Deceased 


) 
2) 


EdwinW. Schreiber, Ann Arbor, Mich., 1928-1929 

Elizabeth Dice, Dallas, Tex., 1928, 1929-193] 

J. O. Hassler, Norman, Okla., 1928, 1929-1931 
1933 

John R. Clark, New York City, 1929-1931 

Mary S. Sabin, Denver, Colo., 1929-1930, 1931 
1933 

J. A. Foberg, California, Pa., 1929 

(. Louis Thiele, Detroit, Mich., 1931 

Mary Kelly, Wichita, Kan., 19382 

John P. Everett, Kalamazoo, Mich., 1932-1934 

Elsie P. Johnson, Oak Park, IIl., 1932-1934 

Raleigh Schorling, Ann Arbor, Mich., 1932 
1934 

W.S. Schlauch, New York City, 1933-1935 

H. C. Christoff erson, Oxford, Ohio, 1934-1936, 
1937-1939 

Edith Woolsey, Minneapolis, Minn., 1934-1936, 
1937-1939 

Martha Hildebrandt, Maywood, IIl., 1934-1935 

M. L. Hartung, Madison, Wis., 1935-1937 

Mary A. Potter, Racine, Wis., 1935-1937 

Rolland R. Smith, Springfield, Mass., 
1937 

E. R. Breslich, Chicago, Ill., 1936-1938 

L. D. Haertter, Clayton, Mo., 1936-1938 

Virgil S. Mallory, Montclair, N. J., 1936 


1933 


1935 


1935 
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@ THE ART OF TEACHING @ 


A NEW DEPARTMENT 





An Introductory Lesson on the Graphing of Linear Equations 


By J. B. 


ADKINS 


Moses Brown School, Providence, Rhode Island 


Tuts lesson was used with ninth grade 
classes in elementary algebra. Previous 
work included the 
statistical graphs and a few formulas of the 
Sh and s=6w+10. 


with graphs usual 


types d 


The purpose of this lesson is to help 
you learn the meaning of the following 
sentence: The coordinates of any point on 
the graph of an equation are a pair of num- 
bers which satisfy the equation. 

How many pairs of numbers are there 
whose sum is 5? 

Most pupils will either answer “two” 
or “three,” thinking of (0, 5), (1, 4), and 
2, 3). A little discussion adds fractions 
and then negative numbers, thus changing 
the answer in either case to “any number.” 
The board work appears: 

—-1 -2 -3 
7 


1 
as . 
Do 35 6 S, ete. 


“A pair of numbers whose sum is 5” can 
be written, in algebraic symbols: 4+ y= 5. 
Suppose we let the numbers in the top row 
of our table be the values of x, and those in 
the bottom row the values of y. Then we 
see that whatever number we assign to x, 
there exists a corresponding number for y 
such that the sum of the two numbers is 5. 
Let us arrange the numbers of the table in 
an order: 


I —§ —5 —4 —-3 -2 -1 01 
2o4 5 6 7 
yt HH 8 S& FT 6 & 4 33 7 


Q -—l —2, ete. 


vidently we could extend the table as far 
as we like. 


A Frenchman named Descartes who 
lived in the early part of the seventeenth 
century conceived the idea of connecting 
number pairs such as we have in the table 
with the points of a plane. He drew two 
perpendicular straight lines and observed 
that the position of a point with reference 
to these ares was completely determined 
by two numbers. One number told how 
far the point was from the vertical axis; 
the other number told how far the point 
was from the horizontal axis. 

We have in our table a collection of 
“number pairs.” If we agree that each .x- 
value shall tell the distance of a point 
from the y-axis and the corresponding y 
value the distance of the point from the 
r-axis, then each number pair in our 
table locates a point. 

Six or eight points are now plotted. 
This involves the selection of a scale and 
the introduction of the words coordinates, 
abscissa, ordinate. 

This process could obviously be con- 
tinued indefinitely, so that to each num- 
ber pair there would correspond a point 
in the plane. Draw a line through these 
points. This line is the graph of the equa- 
tion r+y=5. At this time simply state 
that the graphs of all first degree equa- 
tions are straight lines. Also bring out the 
fact that only two points are needed to de- 
termine a straight line and that a third 
point is desirable as a check. 

Now choose at random three or four 
points on the line and bring out the fact 
that the sum of the coordinates of each of 
these points is 5. Thus the coordinates of 
any point on this line are a pair of num- 
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bers that could go into our table. That is, 
to every point on the line there corre- 
sponds a number pair in the table, if the 
table were sufficiently extended. 

Each of the pairs of numbers in the 
table, that is the coordinates of each point 
on the line, satisfy the equation x+y =5. 
This is the sentence whose meaning we 
sought. 





THE MATHEMATICS TREACHER 


On the 
same axes they copy the graph of r+y=5. 
The parting thought is: The coordinates of 
any point on the graph of an equation 
are a pair of numbers which satisfy the 


The class now graphs x—y=5. 


equation. 

The next lesson can immediately dis- 
cuss the graphic solution of a pair of linear 
equations. 
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Mathematics Curriculum Committee, 
Louisville, Kentucky 


A useful, 


organized general mathematics which 


interesting, and well- 


emphasizes socially significant prob- 
lems. Ingeniously correlates the re- 
arithmetic with the 


views of new 


material. 
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o EDITORIALS o 





Regarding Renewals 


Dur to the recent death of Miss Mabel 
Winspear, the secretary for The Mathe- 
matics Teacher, it is possible that notices 
of expirations of subscriptions will be sent 
to members of the Council who have al- 
ready paid their dues of $2.00. Other mis- 
takes of this kind will probably be made 
until we get our records entirely clear. 
lor these and other reasons we have sent 
the October number of the magazine to 
all those whose subscriptions expired in 
May but who, according to our records, 


have not renewed their subscriptions. 
However, we are not sending the Novem- 
ber number to those who have not. re- 
newed by November first of this year. The 
failure of many of our members whose 
subscriptions expire in May to send in 
their renewals promptly causes us a great 
deal of unnecessary labor and expense. 
We will appreciate it greatly if members 
will remember this and will renew their 
subscriptions when they receive their first 


notice. 


Putting Mathematics in a Better Light 


On the first page of his book ‘Personal 
History,’ Vincent Sheehan in speaking of 
the position in which the young men in 
the colleges found themselves at the time 
of the armistice in 1918 said, “We felt 
cheated. We had been put into uniforms 
with the definite promise that we were to 
be trained as officers and sent to France. 
In my case, as in many others, this meant 
growing up in a hurry, sharing the terrors 
and excitements of a life so various, free 
and exalted that it was worth such hardships 
as studying trigonometry.*” This remark is 
typical of numerous others which, al- 
though said in a more or less humorous 
vein, convey an attitude toward mathe- 
maties that is anything but wholesome. 


* The italies are ours. 


Cannot the teachers of mathematics in- 
dividually and by group action begin to 
do something that will help to put mathe- 
matics in a better light. It is probably 
true that a great deal of this attitude 
among our people is due to the fact that 
they were compelled to study a great deal 
of uninteresting and impractical if not 
absolutely obsolete material during their 
school lives. Or, given that the subject 
matter may have been worth while, they 
have had to sit at the feet of some unin- 
spiring teacher who did not know how to 
handle either the subject or the children. 
With mathematics constantly on the de- 
cline, we can no longer merely speculate 
as to what the trouble is and what the 
remedy should be, we should do something. 


Mathematics Must Be Presented in Better Ways 


The fact that “Mathematics for the 
Million’? by Lancelot Hogben has been a 
best seller for many weeks in all of the big 
cities of this country is evidence at least 
that when mathematics is presented in 
attractive ways, people will become inter- 
ested. It is to be hoped that teachers 
everywhere will read this book and try to 
determine what they can do with their 
own organization and teaching of mathe- 
matics to make it interesting and worth 


while to their pupils. In the last analysis, 
it is probably a task for textbook writers 
to consider. Modern authors should lead 
the way, not follow, the general run of 
classroom teachers in trying to decide 
what to put into their textbooks. We can 
get this done rather quickly if we can 
shake ourselves loose from the commer- 
cialism that has crept into the textbook 
business in too many instances. 


W.D.R. 
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@ IN OTHER PERIODICALS @ 





By NATHAN LAZAR 
Alexandar Hamilton High School, Brooklyn, New York 


1. Aspinwall, William B. “The Preparation of 
Teachers of Mathematics for Junior and 
Senior High Schools.”’ School Science and 
Mathematics. 37: 651-657. June 1937. 


The president of the State Teachers College 
located at Worcester, Massachusetts, reports on 
the four-year course of study that is provided 
there for those students of mathematies who are 
preparing to become teachers of mathematics in 
the Junior and Senior High Schools. “This pro- 
gram comprehends: 


1. “Courses in advanced subject-matter, 
taken through the four years. 

2. “Acquaintance with the history and 
philosophy of mathematics. 

3. “Review of the mathematics of the 
secondary school. 

4. “Study of the teaching of mathematics. 

5. “Actual student-teaching of mathematics 
under supervision. 

6. “Assembly exercises based upon studies 
in mathematics.” 

Each one of the above topies is discussed 
briefly. 
2. Bettinger, A. K. “An Easy Method for 
Drawing Curves in Polar Coordinates.” 
National Mathematics Magazine. 11: 327 
331. April 1937. 


“The method was developed primarily for 
its applications in the Differential and Integral 
Calculus where usually a rough sketch of the 
curve and the limits within which the curve is 
defined are all that are needed. In place of the 
ordinary pole and polar axis, a set of rectangu- 
lar coordinates axes is used.’’ Ten tables and 
figures are included to illustrate the method 
described. 


3. Bridger, Clyde, A. “Shall We Discard 
Geometry?” School Science and Mathemat- 
ics. 37: 758-759. June 1937. 


The author points out that the material pre- 
sented in the usual course in geometry “is 
generally not used in the ordinary advanced 
study of mathematics. Even fields of advanced 
geometry are ordinarily examined through the 
medium of an analytic geometry and not on the 


material given in a Euclidean course.’ It is 


therefore urged that we “remove this piece of 
dead timber from our high school curriculum 
and substitute an analytic geometry which will 
revitalize the student’s second year in mathe- 
matics besides giving him a useful and very 
powerful tool of fundamental importance in his 
quantitative study of any branch of life " 
t. Carver, W. B. ‘Thinking Versus Manipu- 
lation.”’ The American Mathematical 
Monthly. 44: 359-363. June-July 1937 


By means of many interesting examples 
taken from secondary and college mathematics 
the author points out the opportunities that 
teachers miss in emphasizing manipulation at 
the expense of thinking. 


5. Corliss, John J. “Geometrical Derivations 
of the Formulas for the Solution of Oblique 
Triangles.”’ School Science and Mathemat- 
ics. 37: 675-683. June 1937 


“Trigonometry first originated as a geo- 
metrical subject. More and more with the pas- 
sage of time it has become analytical in char- 
acter.’’ While the writer appreciates the powe) 
of the analytical method, he believes that the 
subject. should retain some of its geometric 
character. He proceeds to outline the geometric 
derivations of most of the formulas needed for 
the solution of oblique triangles. ‘Although the 
results are well-known some of the derivations 
seem to be new.” 

The following note relating to the check for- 
mulas commonly called Mollweide’s equations 
is of special interest. ‘‘There is no good reason 
for calling these Mollweide’s equations. Both 
equations appeared in F. W. Von Oppele’s 
Analysis Trigangulorum (1746) and in Simp- 
son’s Trigonometry (1748) while Mollweide pub- 
lished them in 1808. Newton in his Arithmetica 
Universalis gave the formula for (b+c)/a.”’ 


6. Dunnington, G. Waldo. “B. F. Thibaut 
(1775-1832), Early Master of the Art of 
Teaching and Popularizing Mathematics.” 
National Mathematics Magazine. 11: 318 
323. April 1937. 

A biographical study of an interesting per- 
sonality. ‘Although not a productive mathe- 


346 








of 
m 


C- 





IN OTHER PERIODICALS 347 


matician in the modern sense, and not caring 
for publie honors, medals, ete., his merit lies in 
having introduced various innovations in his 
instruction, and in his influence on, and personal 
interest in his students.’’?’ Many quotations of 
reminiscences from contemporaries and a full- 
page photograph of Thibaut are included. 


7. Givens, W. B. “The Trisection of an Angle.’’ 
The American Mathematical Monthly. 44: 
159-461. August-September 1937. 


The author describes an original method of 
trisecting an angle by means of an auxiliary 
curve, called the ‘‘Fokale.”’ 

Six references are given to the literature of 
the subject 


8. Olds, Edwin G. ‘“‘Remarks on the Law of 

Cosines.”’ National Mathematics Magazine. 

11: 324-326. April 1937. 

The author shows how the Law of Cosines 
can be used to prove that “the sum of two sides 
of any triangle is greater than the third side, 
and the difference of any two sides is less than 
the third side.”’ It can also be used effectively 


n connection with the so-called ambiguous 
ease. ‘The illustrations given are not particu- 
larly novel and any teacher of elementary 
mathematies can probably think of better ones 
The purpose in presenting them at all-is to 
remind teachers that work of this sort is inter- 
esting and helpful to students. To fail to recog- 
nize opportunities to do some of it is to deny 
your students an excellent chance to perceive 
the logical consistency of mathematies.”’ 


9. Reeve, W. D. ‘“Mathematies and the Imag- 
ination.”” Teachers College Record. 38: 593 
601. April 1937. 


The ideas which are expressed in the article 
under review formed the teacher’s contribution 
to a discussion on “Other Worlds Than Ours,”’ 
that took place in a seventh grade class which 
the author taught in the Horace Mann School, 
Teachers College, New York City. 

With the help of simple but well-chosen 
examples meaning is given to the imaginary 
realms of Pointland, Lineland, Flatland, and 
the Fourth Dimension. 

This article is recommended to the leaders 
of mathematics clubs and to other teachers of 


mathematics who would like to vary the daily 
routine of their geometry classes with an occa- 
sional excursion into the whimsical and the 
fanciful. 

A bibliography is included. 


10. Schaaf, W. L. “Required Mathematics in a 
Liberal Arts College.’’ The American Mathe- 
matical Monthly. 44: 445-453. August-— 
September 1937. 


The writer believes that most of the objec- 
tions to mathematics as a required subject for 
students in liberal art colleges fall into one or 
another of the following categories: 


1) “Dissatisfaction with the content of the 
courses offered, or the manner in which the 
content is organized. 

(2) Dissatisfaction with the technique of 
teaching, or the concomitant attitudes on the 
part of the teachers and students, or both. 

3) “The outright denial of any potential 
educational values resulting from the study of 
mathematics.” 


While the writer frankly agrees with many 
of the criticisms which fall under the first two 
headings, he cannot possibly agree with those 
who maintain that, inherently, mathematics 
has nothing to offer in the way of enduring 
values, when properly taught. He devotes the 
major part of the article to a detailed eloquent 
and crushing retort to that accusation. This 
article should be made required reading for the 
enemies of mathematics within and without the 
teaching ranks. 


11. Sleight, E. R. “Pestalozzi and the American 
Arithmetic.’’ National Mathematics Maga- 
zine. 11: 310-317. April 1937. 

The author shows the influence of Pestaloz- 
zi’s ideas on the two early American writers of 
Warren Colburn and 
Daniel Adams. Many quotations and plates 


text-books on arithmetic 
from the original textbooks are given. 


12. Ward, James A. ‘‘Graphical Representation 
of Complex Roots.’’ Nattonal Mathematics 
Magazine. 11: 297-303. April 1937. 


The purpose of the paper is to show a graphi- 
cal method of obtaining the imaginary as well 
as the real roots of the ecubie and quartic equa- 
tions. 
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Algebra For Today. First Year. By William 
Betz. Ginn, 1937. xii+565 pp. Price $1.36. 
This book is a revision of an earlier edition 

by the same author which has been very well 
received. The course is built around six central 
objectives: the language and ideas of algebra; 
the formula; the equation; the graph; funda- 
mental principles and processes; and problem 
solving. The common bond connecting these 
objectives is the study of relationships. 

The text meets the requirements of the Col- 
lege Entrance Examination Board and attempts 
to improve the content of beginning algebra by 
omitting most of the obsolete material of earlier 
texts. A feature of the book is interesting dis- 
cussions of a few topics like “The Place of 
Mathematics in the Modern World,” ‘‘Mathe- 
““Mathe- 
matics in Industry”? and ‘‘Mathematies in Re- 


maties in Building and Engineering,”’ 


However, the relation of 
these discussions to the subject matter in subse- 


lation to Science.’ 


quent chapters is not as clearly developed as 
some teachers may wish to have it. 

Written by a teacher of long and wide ex- 
perience who has devoted his life to the im- 
provement of mathematics education, teachers 
who desire something more modern and inter- 
esting for their pupils will want to see this book. 

W.D.R. 
The Wonderful Wonders of One-Two-Three. By 

David Eugene Smith. McFarlane, Warde, 

MacFarlane, 1937. 64 pages. Price, $1.00. 

This is a new book by the author of ‘“Num- 
ber Stories of Long Ago”? who himself enjoys 
the various and interesting things that can be 
done with numbers. He gives us here the story 
of how numbers grew from notches on a stick to 
figures in a row. To a child who ean read and 
understand this book, numbers become some- 
thing much more important and real to him 
than is often the case in a dreary classroom with 
some humdrum teacher. One finds here the 
story of numbers, Roman numerals and place 
value, the magic square and other magic, and 
other interesting topics. Surely here is fun and 
useful information for many young readers. The 
book contains many interesting illustrations. 

W.D.R. 
Plane Geometry. By Arthur Schultze, Frank L. 

Sevenoak and L. C. Stone. The Macmillan 

Company, 1936. xii+391 pp. 

This text is a revision of a very excellent and 
well known text of an earlier day many features 


of which have never been excelled by any of the 
modern texts. An attempt is made to modernize 
the organization of the material in line with 
present day attempts to make geometry inter- 
esting and worth while for secondary school 
pupils. The book will be of interest to teachers 
looking for a new geometry text. 


W.D.R. 


A School Algebra. By R. M. Carey. Longmans, 
Green and Company, 1936. viii+288 pp 
Price, $1.50. 

This is a textbook written for English 
secondary schools and will be of interest to 
American mathematics teachers mainly because 
of its claim to have followed Sir Perey Nunn’s 
lead in his emphasis on “The Formula.” 

The book contains some interesting material 
on graphs and formulas, but like many con- 
temporary algebra texts in America still cling 
to some obsolete topics that should have been 
discarded long ago. Such material, however, is 
introduced because of the necessity of the pupil 
to pass certain extra-mural examinations. 


W.D.R. 


Mathematics for the Million. By Lancelot Hog 
ben. W. W. Norton and Company, 1937 
xii +647 pp. Price, $2.90. 

This is a textbook edition of an earlier edi- 
tion which has been a best seller in both Eng- 
land and in this country. This special edition 
has a very interesting introduction written by 
Professor David Eugene Smith who wrote a 
review of the earlier edition in the May numbe1 
of THe Maruematics TEACHER. There is no 
question that the appearance of this book has 
accelerated the interest in mathematical educa- 
tion in this country and the fact that this edi 
tion is sold at a lower cost to teachers will make 
the book all the more helpful. 

W.D.R. 


Introduction to Mathematics. By H. R. Cooley, 
David Gans, Morris Kline, and H. E. 
Wahlert. Houghton Mifflin 
1937. xviii +634 pp. Price $3.25. 
This is a unified course in mathematics on 

the college level which stresses the importance 

of mathematies in civilization, makes the sub- 
ject more interesting to students and teachers 
alike and should prove to be a profitable aid to 
those students of general education who are 
looking for a general course of this kind that will 
give them a proper background in mathematics 


Company, 
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that will be adequate to handle the mathe- 
matics in many of the life situations in which 
they will find themselves. The book is attrac- 
tive; well written and illustrated and will no 
doubt be tried out in many schools. It is un 
fortunate that a beautifully made book like 
this cannot be made to sell for less money in 
order that more students of mathematical in- 
terests might be able to own it. 
W.D.R. 


General Mathematics. A One Year Course. By 
Harris Crandall and F. Eugene Seymour. 
D. C. Heath and Company, 1937. 


This text represents for the majority of 
pupils taking it the final year of their study of 
mathematics. An attempt is therefore made to 
give a balanced view of the entire field of ele- 
mentary mathematics with a maximum of inte- 
gration of arithmetic, algebra, and geometry. 
Each of the thirteen units in the book has a 
number of graded exercises and problems be- 
sides comprehensive tests reviewing the unit. 
The purpose behind the book is excellent, but 
as in the case of all such terminal courses for 
the ninth grade, it is doubtful whether the pupil 
will be able to learn and retain enough mathe- 
matics to give him an adequate background for 
the experiences he will have in his life work. 


W.D.R. 


Introduction to College Algebra. By W. L. Hart. 
Db. C. Heath and Company, 1937. v +246 
pp. Price, $1.84. 


This book provides material for a three-hour 
semester course on the level of a college fresh- 
man who did not take advanced algebra in high 
school and constitutes a reasonable terminal 
course in algebra for those students who do not 
need a fuller treatment. 

The viewpoint of the book is distinetly col- 
legiate and is intended for students with normal 
mathematical ability who for one reason or 
another have not yet studied advanced algebra. 

Extensive and thoroughly graded exercises 
are given and the book is made flexible by the 
grading of exercises and in other ways. The 
book is neat in appearance and is substantially 


W.D.R. 


made. 


Useful Mathematics. By Flora M. Dunn, E. H. 
Allen, J. S. Goldthwaite, and Mary A. 
Potter. Ginn and Company, 1937. 


This new book is a general mathematical 
course including arithmetic, algebra, and geome- 
try, and is intended to catch the interest and to 
fit the needs and abilities of less mathematically 
minded pupils. An attempt is made to tie the 
various topics up with life situations, business, 
industry, and other school subjects. 


The book is the result of several years of 
classroom experience and for this reason should 
be of interest to teachers looking for a one-year 
course. One naturally wonders whether if such 
courses are not followed by at least one more 
book, it is going to be possible really to give 
pupils a very good foundation in mathematics. 


W.D.R. 


Algebra for Parents. By Samuel B. Scott. The 
Magee Press, 1937. xii +236 pp. Price, $2.50. 


Postage 15 cents extra. 


This book will be of interest to those who 
are interested in having parents with better 
backgrounds in algebra. However, the book is 
not detailed enough for a parent who is not al- 
ready trained in algebra. There are some state- 
ments in the book that are worth picking out 
for emphasis such as the following: 

“Thus an excursion into mathematics is not 
an adventure into a darksome jungle where the 
path is kept with difficulty, but is more like the 
way by which civilization has arisen, where one 
tool is used until a better is found. The new is 
doubtless more complicated than the old, but 
the new complications are easily mastered and 
the slight labor involved is amply repaid by the 
new accomplishment that is possible.” 


W.D.R. 


The Teaching of Mathematics. A Source Book 
and Guide. By Raleigh Schorling. The Ann 
Arbor Press, 1936. vii+248_ pp. 
Paper Cover, $1.60. 


Price, 


This new monograph contains five facts as 
follows: 

Part I. 
jectives. 

Part II. The Reform Movement in Second- 
ary Mathematics. 

Part III. The Five Major Tasks of a Mathe- 
matics Teacher. 

Part IV. The Techniques of Troublesome 
Spots. 

Part V. Sidelights on the Teaching of Mathe- 
matics. 


Aims, Principles and General Ob- 


Pedagogical writings that many teachers 
have read and have appreciated are reprinted in 
this volume. The author has filled the gaps of 
pedagogy by presenting practical guides and 
procedures which have been drawn from educa- 
tional research and psychology. 


W.D.R 


A Brief Course in Advanced Algebra. By H. E. 
Buchanan and L. C. Emmons. Houghton 
Mifflin Company, 1937. xxxiv+185 pp. 
Price $1.40. 


This is a revised edition of an old text which 
has been used in many schools. In revising the 
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book, the authors have not only adapted it to 
the needs of the average and the gifted students, 
- but they have also looked out for the needs of 
those students who require additional back- 
ground for their study. To this end an intro- 
ductory section of two parts has been added. 
This consists of a review of elementary algebra. 

The book represents a brief, direct, and topi- 
cal treatment and introduces the derivative for 
finding new facts about the quadratic and poly- 
nomial functions and especially in connection 
with Newton’s method. 

Ww DR. 


Arithmetic for Teacher Training Classes. By 
E. H. Taylor. Henry Holt and Company, 
1937. vii+432 pp. Price $1.70. 


This is a revised edition of an older book but 
the general aims and methods of teaching arith- 
metic presented in the first edition are pre- 
served in this new edition. The changes are in 
the main extensions and alditions to the dis- 
cussions of the methods of teaching arithmetic, 
particularly of the fundamental operations with 
integers and common and decimal fractions. 
The results of recent study and research are 
given with numerous references te the sources. 
The discussions of the following topics have 
been extended: 

1. Problem solving. 

2. Causes, types, and treatment of errors. 

3. Graded exercises to meet specific diffi- 

culties in the fundamental operations. 

4. The place and value of rationalization in 

the teaching of arithmetic. 

5. Aims and methods of drill. 
6. The introduction of algebra and geometry 
in the seventh and eighth grades. 


The author is a teacher of long experience 
and he has put into this book the ideas that he 
says he has found useful in his own work. 


W.D.R. 


Pupil Rating of Secondary Teachers. By Roy C. 
Bryan. Bureau of Publications, Teachers 
College, Columbia University, New York, 
1937. vi+96 pp. Price $1.60. 

This is an interesting and revealing account 
of what pupils think about their teachers. By 
means of a rating scale, developed by the 


author, junior and senior high school pupils 
rated their teachers on the following items: 
knowledge of subject, discipline, ability to ex- 
plain clearly, sympathy, fairness in grading, 
amount of work done (by teachers), amount 
pupils are learning, pupil liking for subject and 
teacher, and general teaching ability. The re- 





THE MATHEMATICS TEACHER 


liability of the ratings is reported and compared 
with the reliability of ratings of the same teach- 
ers by administrators. The study is of particular 
importance because the pupils themselves are 
the primary source of information concerning 
their own reactions. 


W.D.R. 


Scripta Mathematica Forum Lectures. By Cassius 
Jackson Keyser, David Eugene Smith, Ed 
ward Kasner, and Walter Rautenstrauch 
Published by Yeshiva College, New York 
1937. 94 pp. Price $1.00 


This book is Monograph number three of 
The Scripta Mathematics Library. It is a collec 
tion of addresses on the following topics: ‘Mind, 
the Maker,’”’ ‘“‘The Story of Mathematics, 
‘‘New Names in Mathematics” and “Science in 
Relation to Social Growth and Economie De 
velopment.”’ 

The names of the four authors of the above 
articles is recommendation enough as to the 
value of the contents of these four address: 
and most teachers and students of mathemati: 
will wish to read them. 


W.D.R 


It gives me great pleasure to call to the at 
tention of mathematics teachers the second o 
the little books on math 
maties by H. G. and L. R. Lieber. The first one, 
as | hope everyone knows, was called No? 
Euclidean Geometry or Three Moons in Mathes 


This second one is on Galois and the Theory o! 


series of modern 


Groups. Like the first, it is charmingly illus 
trated by Hugh Gray Lieber, a modern artist 
whose work has been highly praised by distir 

guished artists in this country and in Europ: 

They are not only beautiful drawings but throw 
light on the text in a way that words alone could 
not possibly do. The text itself, by Lillian R 
Lieber, has the same charm of simplicity and 
clearness which made the first booklet so at- 
tractive. It makes the subject of Groups, usu- 
ally considered very difficult, seem so simpl 
that even young undergraduates read it with 
ease and pleasure, for, as Professor G. A. Mille: 
has said, “It combines groups and fun.” Indeed, 
even sophisticated well-informed mathema- 
ticians enjoy these booklets, for they are really 
works of art. I join my many colleagues in con- 
gratulating Mr. and Mrs. this de- 
lightful series, and hope they will give us man) 
more of these little books. They are rendering 


Lieber on 


a genuine service to teachers of mathematics 
as well as to the general public. 
E. A. KNOBLAUCH 
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MATHEMATICS EDUCATION FIELD 
COURSE IN GERMANY AND ENGLAND 


Summer 1938 
EACHERS COLLEGE, Columbia University, offers in the summer of 1938 a 


field study course in Mathematics Education in Germany and England. The 
chief purpose of this course will be the study of mathematics education, but there 
will also be opportunity to observe other phases of German and English educa- 
tion and culture, particularly in the field of natural sciences and the arts. The 
course is open to graduate students and qualified undergraduates who present 
satisfactory credentials as to scholarship and personal qualification. Professor 
William D. Reeve of the Mathematics Department will conduct the group. 


The trip in Germany will begin on July 8th at Bremen and extend to Berlin, 
Dresden, Nuremberg, Rothenburg, Munich, Stuttgart, Diisseldorf, Cologne, and 
many other places of interest en route. One day will be spent on the Rhine between 
Mainz and Diisseldorf. From Cologne on August 11th, the group will go by 
rail to Brussels, Ostende, and thence by steamer to Dover and on to London. 
Side trips to Oxford, Stratford, Cambridge and Windsor will be taken with 


London as headquarters. 


Topics of interest to the group will be: the new curricula in mathematics in 
various schools and universities, mathematics instruction, mathematics in trade 
and vocational schools, museums of special value to mathematics and science 
teachers, lectures, and discussions on mathematics teaching and training of mathe- 
matics teachers. 


The group will sail from New York on the S.S. Columbus June 30th and spend 
a six weeks study period abroad. The return sailing has been scheduled for 
August 19th on the S.S. Hansa from Southampton, but individuals may make 
other arrangements to suit their plans. 


The cost of the course will be approximately $690. This includes: round trip 
ocean transportation in tourist class (a limited number of third class reserva- 
tions are available at a reduction of $72.25), travel in Germany mainly by auto- 
bus, limited baggage transportation, lodging and meals in good hotels, lectures 
as provided in the program, museum fees, entertainment and cultural activities, 
U.S. revenue tax, personal accident insurance, tuition for four points and the 
university fee. Additional credit up to eight points may be earned at a cost of 
$12.50 a point. This price does not include: the U.S. passport, visa fees, steamer 
tips, baths, laundry, beverages, or other purely personal items. 

Because of limited membership and the necessity for making early steamship 
reservations, registration should be made at once. A deposit of $50 is payable on 
enrollment, the balance being due May 1, 1938. Check should be made payable 
to Teachers College. For further information write to 


The Secretary of Foreign Field Courses, International Institute, 


Teachers College, Columbia University, New York. 
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